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Abstracts 

 

There is a common belief amongst those who are involved in projects that as project 
complexity increases the difficulty to manage a project increases and thus the probability 
to succeed in project completion considerably decreases. Perception of complexity in a 
project usually refers to common criteria from traditional project management thinking 
such as the scale of the project; cost; duration; and the degree of risk to its owner. 
However, whether a project is perceived to be complex or not may not be purely a product 
of the size of the project. It may also be derived from the person’s experience in projects. 
The aim of this study is to identify attributes of perception of project complexity and 
observe whether experience is also a determining factor in perceiving a project as complex. 
The research is based on the assumption that a complex project may exhibit behaviour 
similar to complex adaptive system. This study proposes a theoretical framework based on 
projects understood as complex adaptive systems. A project experience matrix is 
developed which will be useful to help link degree and type of experience to perceptions of 
project complexity. 

This study employs a comparative study between two cases to explore and compare the 
perception of complexity in each case. Qualitative and quantitative data were obtained 
through semi-structured interview and questionnaires, then analysed accordingly. The 
outcomes of this research attempted to find answers to the following questions: How do 
project managers and team members perceive a project as complex (project complexity)?” 
In answering this question we explored how project managers and team members 
perceived project complexity. The major question above was elaborated by some minor 
specific questions. These are:  Which attributes of complex adaptive systems are attributed 
by project managers and team members to project complexity? Is project experience a 
determining factor to the perception of project complexity? Based on our sample we found 
no significant differences between attributes of complex adaptive systems and perception 
of project complexity; no significant association between depth and context of experience 
and perception of project complexity. We also found no significant differences between the 
Chinese and Indonesian samples.  

 

Keywords: 
Perception of project complexity, attributes of complex adaptive system, project 
experience, types of complexity. 
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Introduction 

 

Research Background  

There is disagreement in the literature regarding the meaning of the term complexity in 
relation to project management. However there is a common belief amongst those who are 
involved in projects that as project complexity increases, the difficulty to manage a project 
increases (Macheridis and Nilsson, 2004), and thus the probability to achieve project goals 
considerably decreases (Williams, 1999). Some authors relate the perception of complexity 
in a project to the project’s size, as the result of the increased level of risk carried in larger 
projects (Akintoye and Mcleod, 1997; Andi and Minato, 2003; Ng et.al., 2008). Others 
believe that complexity in projects is still determined by common criteria from traditional 
project management thinking such as the scale of cost; duration of a project; and the degree 
of risk to its owner (Barnes and Wearne 1993; Cooke-Davies, 2002; White and Fortune, 
2002). However, complexity may not be purely a product of the scale of the project. 

There have been several empirical works which have concluded that the perception of 
complexity just relates to the experience of the project manager and team members (Austin 
et.al., 2002 and Camprie et.al, 2007), where the context (type) and the size (difficulty) of 
projects constitute experience. The more experience a project manager has, the less risk he 
or she will carry in decision making (Mcdonald et.al., 2008; Ruhl and Parker, 1994; 
Perkins and Rao, 1990). Difficult, complicated or complex are terms which are used 
interchangeably. They vary in use from one author to another. Certain authors (Baccarini, 
1996; Williams, 2002; Remington and Pollack, 2007) chose to attach the word ‘complex’ 
to projects which exhibit behaviour similar to a complex adaptive system regardless of the 
project manager’s experience.  

The arguments above indicate that the concept of project complexity still needs further 
research. Particularly in a management perspective, project complexity may be perceived 
differently between project managers and amongst team members. These differences may 
derive either from personal views on attributes which allow a project to be perceived as 
complex, or from personal experience in projects or both. Through analysis of two separate 
case studies this study will attempt to shed some light on this current controversy. 
Interviews with project managers and questionnaires sent to project member from 
manufacturing industries in China and Indonesia will be deployed. A qualitative analysis 
and a more detailed statistical analysis will be performed on the data to see whether the 
data supports the literature.  
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Research Objectives 

The main purpose of this study is to explore, using a theoretical framework, whether 
perceptions of complexity in projects are perceived as a complex adaptive systems or 
whether perceptions of complexity are simply influenced by the amount and type of project 
experience. Therefore the main research question is described below: 

“How do project managers and team members perceive a project as complex (project 
complexity)?” 

The major question above will be elaborated by these minor specific questions below in 
order to systematically answer the main issue in this research: 

- Which attributes are attributed by project managers and team members to project 
complexity? 

- Is project experience a determining factor to perception of project complexity?  

- Is there any difference between Chinese and Indonesian group in term of attributing 
complex projects apart from any cultural issues? 

In order to answer these questions, the authors of this study develop a conceptual 
framework which is applied in two cases and their findings are compared then conclusions 
are drawn. 

This thesis starts by investigating the background of the study and then follows with an 
exploration of the research objective. Further discussion concerning a related literature 
review will be presented. It will outline the debate on complexity terminology; relation 
between complexity theory and project complexity and perception of experience in 
projects. Then it is followed by the overview of manufacturing industries sector in China 
and in Indonesia. Section three is covering all explanations related to research 
methodology which are case study and its application in this study, data collection method, 
formulating questions for semi-structured interview and questionnaires, and data 
processing and analysis. The fourth part is devoted to discussion concerning the research 
findings. And at the end, the conclusion together with limitation and direction for future 
study are presented in the last section  
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1.  Literature Review 

 

1.1.  What is Complexity?  

Complexity has turned out to be very difficult to define. The debate regarding complexity 
terminology will never end since each author will assert their own definition of 
complexity. In the project management literature many authors have attached terms such as 
complex, uncertain, difficult or complicated before the word ‘project’. Different authors 
have different perceptions on how they define word ‘complex’. For instance, these authors 
(Perminova et.al. 2008; Atkinson et.al., 2006; Jensen et.al., 2005; Danilovic and Sandkull, 
2003; Ward and Chapman, 2001) have approached complexity as uncertainty towards risk, 
environment and other elements in a project; others (Klir, 1985 and Baccarini, 1996) try to 
analyze the linguistic definition of complexity. Moreover the word ‘complexity’ is being 
used in almost every branch of study so that its definition necessarily depends on the 
language that is used to model the system. It is therefore useful to explore perceptions of 
the word ‘complexity’. 

Complexity theory emerges from the field of mathematics and computational science in 
which both fields try to create measures to quantify complexity. Corning (1995), Horgan 
(1995) and Edmonds (1997) (cited in Dann and Barklay, 2006: p.22) have all identified a 
wide range of definitions of complexity e.g. abstract computational complexity, 
Kolmogorov complexity, arithmetic complexity, cognitive complexity, horn complexity 
etc. So many definitions indicate that there is no unified definition for complexity within 
the scientific communities.  

One dictionary (www.encarta.msn.com; accessed on 04/11/2008) provides three basic 
definitions of complexity: 'complicated in nature, condition of having many parts and the 
combination between both; complicated thing, which is described as difficulties involved in 
having many interrelated parts’. Baccarini (1996, p.201) found the following dictionary 
definition of complexity – ‘consisting of many varied interrelated parts and complicated, 
involved, intricate’. The latter implies difficulty in understanding and dealing with an 
object (Klir, 1985).  

In the field of psychology, investigations of complexity are mostly concerned with how 
people perform under complex conditions or the benefits of being able to cope with 
complex situations (Hostager and Meuse, 2002). Presented sequentially, the following are 
the benefits of dealing with increased complexity, including: a heightened tolerance of 
ambiguity (Streufert and Castore, 1968); whereas Triandis (1977) underlines it as an 
enhanced ability to adopt the perspective of others. Eiseman (1978) describes that under 
complex circumstances, people can improve their abilities to resolve conflict. Last but not 
least Coren and Suedfeld (1995) describe the benefits of being able to cope with 
complexity as a greater level of gregariousness, warmth and nurturing during social 
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interaction. It is difficult to make a direct link between the psychological literature and the 
project context. However, in the social psychology literature, there is some discussion 
regarding project management conflict which brings an uncertainty element to the idea of 
complexity (Jones and Deckro, 1993).  

Several authors (Perminova et.al. 2008; Atkinson et.al., 2006; Jensen et.al., 2005; 
Danilovic and Sandkull, 2003; Ward and Chapman, 2001) prefer to use the term 
uncertainty to explain the interrelatedness between many parts. Perminova et.al. (2008: 
p.76) define uncertainty as ‘a context for risks as events having a negative impact on the 
project’s outcomes, or opportunities, as events that have a beneficial impact on project 
performance’. On the one hand Atkinson et.al (2006) supports Perminova et al.’s idea of 
the relationship between uncertainty and risk yet he emphasizes that it is important not to 
rely solely on risk management in which addresses threats and opportunities only but there 
is also a need to employ uncertainty management to predict all sources of uncertainty and 
associated responses. In line with Atkinson (2006), Wand and Chapman (2001) emphasize 
the importance of uncertainty management for identifying and managing all the many 
sources of uncertainty which give rise to and shape our perceptions of threat and 
opportunities. While the authors above associate uncertainty with risk, Jensen et.al. (2005) 
focuses on identifying interactional uncertainty in the project environment that either 
constrains or enables projects to accomplish their tasks; and Danilovic and Sandkull (2003) 
focus more on how to manage uncertainty in product management through specific tools.  

In a management context, perception of complexity has been attributed to experience and 
perspective (Remington and Pollack, 2007). Some may not see a situation as complex 
because their range of perception is either too narrow whilst having extensive experience 
in the area (p.19). According to these authors (Baccarini, 1996; Williams, 1999; 
Remington and Pollack, 2007) complexity is associated with increasing uncertainty or 
ambiguity and results from non-linear interrelationships 

This study particularly focuses more on the models of project complexity provided by the 
last three authors (Baccarini, 1996; Williams, 1999; Remington and Pollack, 2007) which 
have compared project complexity with a complex adaptive system. In the next section the 
discussion of complexity will focus and be narrowed down to a project or project 
management context.  

Table 1.1 summarizes the approach to complexity derived from various disciplines. 
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Disciplines Approach to Complexity  

Mathematics & 
Computer Science 

Complexity theory emerges; try to measure and quantify 
complexity e.g. Kolmogorov complexity, arithmetic complexity, 
cognitive complexity, horn complexity etc. 

Dictionary 'complicated in nature, condition of having many parts and the 
combination between both; complicated thing, which is described 
as difficulties involved in having many interrelated parts’ 
(www.encarta.msn.com; accessed on 04/11/2008). 

Psychology Mostly concerned with how people perform under complex 
conditions or the benefits of being able to cope with complex 
situations (Hostager and Meuse, 2002) 

Risk & 
Management 

Refers to uncertainty events having threats or opportunities 
Perminova et.al. (2008) and emphasize the importance of 
uncertainty management for identifying and managing all the 
many sources of uncertainty (Atkinson, 2006 and Wand and 
Chapman, 2001) 

Project 
Environment 

Refers to interactional uncertainty that either constrains or enables 
projects to accomplish their tasks Jensen et.al. (2005), as 
uncertainty in product management Danilovic and Sandkull 
(2003), associated with increasing uncertainty or ambiguity and 
results from non-linear interrelationships (Baccarini, 1996; 
Williams, 1999; Remington and Pollack, 2007) 

Table 1.1.  Summary of Complexity Approach Derived from Various Disciplines 

 

1.2.  Link between Complex Adaptive System and Project Complexity 

According to Remington and Pollack (2007: p.5), some projects can be viewed as simple 
systems. These projects have attributes possessed by all systems, such as: projects such as 
inter-connectedness, hierarchy, communication and control. These kinds of projects are 
usually so well-defined – for both outcomes and the control – that it is adequate to simply 
use traditional project management tools and processes. However, most large and many 
small projects can be rather viewed as complex adaptive systems than as simple systems 
since some other characteristics of complex adaptive systems are detected (p.4) (non-
linearity, phase transition, adaptiveness, emergence and sensitivity to initial conditions). 
All those constitute the attributes of a complex adaptive system and can be explained by 
means of reference to complexity theory.  



Literature Review 

Master Thesis  6 

‘Complexity theory is a cross-disciplinary branch of science which enquires into the nature 
of complex adaptive systems’ (Remington and Pollack, 2007: p.5). Many simulations and 
observations of complex behavior have been conducted in many fields, i.e: biology, 
geology and meteorology to develop complexity theory concept. Ralph Stacey (1996) and 
others such as Griffin et. al. (1999) and Lissack and Roos (1999) (all authors are cited in 
Remington and Pollack, 2007: p.5) have tried to apply complex adaptive system into 
general management topics. A wide scope of complexity theory can also offer insight into 
the systemic nature of projects.  

Complex projects vary in features and systemicity (Remington and Pollack, 2007). 
Systemicity describes the complex, dynamic behaviour exhibited by systems, or systems-
of-systems (Checkland, 1999). Even within a single complex project may exhibit multiple 
different kinds of behaviour amongst different parts of the project. These kinds of 
differences may also occur within any program or group of interrelated projects. 

Certain authors (Baccarini, 1996; Williams, 2002; Remington and Pollack, 2007) define a 
project which exhibits attributes like a complex adaptive system as a complex project.. 
Supporting their opinions Sanders (2003) describes a complex adaptive system as strongly 
interrelated, self-organizing and dynamic. However the degree of complexity of a project is 
independent of who is viewing the project. The project manager’s experience does not 
change the degree of complexity of a project, the experience and knowledge of the project 
manager will help him or her to cope with the project’s complexity instead.  

A complex adaptive system has been defined as a system which exhibits characteristics 
described in Complexity Theory (Aritua et.al., 2008 and Remington and Pollack, 2007). 
Complex adaptive systems have been summarized by many authors (Aritua et.al, 2008; 
Remington and Pollack, 2007; Phelan, 2007; Smith, 2003; Lewin, 1999; Holland, 1998; 
Waldrop, 1993) into these following attributes:  

In addition to the following, exhibited by all systems: 

‐ Hierarchy. A system usually consists of sub-systems. Within a system there are 
interactions amongst subsystems whether they are vertical, horizontal or diagonal 
connections. It implies that individual subsystem affects and influences each other and 
having inter-relationship actions. Here is the example, the team is one of many within a 
department, and department is one of many within organization and so on. Work 
breakdown structure could be described as a traditional project management way to 
approach such hierarchy (Remington and Pollack, 2007: p.6). 

‐ Communication. Communication can be viewed as information passed amongst 
elements within a system. It can be both formal and informal. However the speed and 
accuracy of the information content rely on who is the creator and delivering the 
message. The informal communications may both support and undermine the formal 
communication (Remington and Pollack, 2007: p.7). The response from others will 
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influence either positively- amplified-or negatively –dampened of which this response 
is often called feedback (Aritua et.al, 2008). 

‐ Control. This action is to maintain the stability of every matter related to or within a 
system such as relationship, operation, etc. For example, in a work group, an agreeable 
emotional climate and devotion to group norms are two of the conditions that hold the 
team together (Remington and Pollack, 2007). 

In addition to the above complex adaptive systems also exhibit: 

‐ Non-linearity. Non-linearity is caused by positive feedback and induces change. A 
sub-system could reinforce other items within the system so that it inspires a spiral of 
creative result which never been present before. This can have helpful effect by 
reinforcing good actions or, alternatively it can have a bad effect, making the effects of 
small risks much worse. Unlike the property of control which a normal system will 
gain its stability through negative feedback (Remington and Pollack, 2007: p.8). 

‐ Adaptiveness/ Self Organization. Complexity theory argues that some systems tend 
toward order or self-organization – not disorder – as individuals decide to act in similar 
ways in proximity to and in a fixed reference point (Aritua et.al, 2008, p.5). System 
adaptation can be in response to variation in the supply of resources which the system 
relies upon, new environmental constraints, and the appearance of new possibilities 
(Remington and Pollack, 2007: p.8). 

‐ Emergence. At different levels of the system, different properties emerge which may 
not apparent from levels below. Emergence is a property of the stable relationship 
between parts, not of any part in itself (Remington and Pollack, 2007: p.7). The 
concept behind the principle of emergence may be summarized as ‘the whole is greater 
than the sum of the parts’. Application of this principle reinforces the implications of 
self-organization discussed above (Aritua et.al, 2008: p.6). 

‐ Sensitive dependence on Initial Conditions. The initial condition is a reference point 
in this characteristic. For instance the same team delivering the same project in a 
different environment with different initial conditions may achieve radically different 
levels of performance. (Remington and Pollack, 2007: p.9) 

‐ Phase transition An internal response is due to external change. In an open system, 
information flows in and out. New information enters into the feedback loops and 
influences the behavior of the individuals, and thus the overall behavior of the system 
adapts to the external environment. This occurs when a system moves from a stable 
state towards a new totally different environment (Aritua et.al, 2008 and Remington 
and Pollack, 2007). 
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There have been three significant works which has tried to explore the definition of project 
complexity as well as its dimensions. The discussion below describes in narrative way the 
concepts associated with project complexity. Therein, it provides a broad insight into how 
some authors view project complexity from different types of sources and approaches. 

Baccarini (1996, p202) was one of the first to provide a definition of a complex project in 
terms of complexity theory. He proposed a definition of complexity in projects as 
'consisting of many varied interrelated parts' and operationalised in terms of differentiation 
– the number of elements – and interdependency or connectivity – the degree of inter-
relatedness between elements – which he found it has similar interpretation to complexity 
theory. The dimensions applied in this definition are organization; technology; information; 
environment; decision making and system. This definition contradicts others that define 
project complexity in terms of size and uncertainty (Miller, 1973 and Bennet, 1991). 

In Baccarini’s (1996) concept, he emphasizes that it is important to state clearly what type 
of complexity is being dealt with. In his case the types of complexity which this author 
often refers to are organization and technology. He elaborates both dimensions in term of 
differentiation and interdependency. Organisational complexity in term of differentiation 
consists of vertical – hierarchical structure – and horizontal – organisational units and task 
specialization –. Despite the lack of consensus on a definition of technology in 
organisational theory (Mintzberg, 1991 and Mohr, 1971) he, again, proposes technological 
complexity in the same terms as those of organization. Differentiation comprises diversity 
of some aspect of task and interdependency covers inter-relatedness between tasks, term, 
technology and inputs/outputs. At the end he suggests that how to manage that 
differentiation and interdependency is by integration; that is by coordination, 
communication and control (Morris, 1988 and Mintzberg, 1991).  

However despite comprehensive elaboration regarding complexity in projects as explained 
above Baccarini (1999) fails to define other types of complexity in project management 
such as environment, information decision making, etc; since he focuses only in the 
context of organisation and technology. 

The second major work on conseptualising the definition of project complexity was 
delivered by Williams (1999, figure 1.1) which somehow supports the previous proposition 
of Baccarini’s (1996). In Williams’ paper, he broadens Baccarini’s definition of 
differentiation and interdependency. According to his analysis he considers the term of 
elements in Bacarini’s definition on project complexity is underlying the term structural 
complexity.  

Using Jones and Deckro’s definition (1993) of technical complexity, it can be classified as 
a three-fold concept: the variety of tasks, the degree of interdependencies within these 
tasks, and ‘the instability of the assumptions upon which the tasks are based'. The first two 
are the context of structural complexity and the third is uncertainty which is in 
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contradiction of Baccarini’s work (1996) and others’ (Miller, 1973 and Bennet, 1991) as 
mentioned earlier.  

 
 
 
 
 
 
 
 

Figure 1.1  Williams’ Project Complexity Model (1996, p.271) 

In order to expand on the discussion of the term of uncertainty, William (1996) refers to 
the work of Turner and Cochrane (1993) in which they classify projects by two parameters: 
how well defined the goals are, and how well-defined are the methods of achieving those 
goals. He suggests those two parameters being two additional dimensions of complexity to 
projects. 

A more recent model on project complexity was developed by Remington and Pollack 
(2007) in their book ‘Tools for Complex Project’. They have identified four types of 
complexity based on its source; structural, technical, directional and temporal complexity. 
They believe that each type of project complexity has its own characteristics which 
influence governance, budget, schedule, and risk and procurement management. They also 
affirm that most large projects and many small ones will exhibit one or more of these type 
of complexity.  

In fact, Remington and Pollack (2007) has also explained these four types of complexity in 
relation to complexity theory. They believe that all attributes of complex adaptive systems 
exist in all types of complexity in projects. It can be concluded that all of dimensions used 
in all models of project complexity (Remington and Pollack, 2007; William, 1999; and 
Baccarini, 1996) are derived from the attributes of complex adaptive systems. However 
those authors view project complexity from the academics’ point of view instead of 
managerial view. As project complexity increases, the difficulty to manage for project 
manager and members also increases (Macheridis and Nilsson, 2004) and thus the 
probability to deliver successful project considerably decreases.  

Table 1.2 summarizes the development of project complexity models by the authors 
(Remington and Pollack, 2007; William, 1999; and Baccarini, 1996). 
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Authors, Yrs Definition of Complexity 
Baccarini, 
1996 

'Consisting of many varied interrelated parts' and operationalised in 
terms of differentiation – the number of elements – and interdependency 
or connectivity – the degree of inter-relatedness between elements – 
Types: Organisation and Technology 
Dimensions: differentiation and interdependency 

William, 1999 Considers the term of elements in project complexity is underlying the 
term structural complexity and the technical context as structural 
complexity and uncertainty 
Types: uncertainty and Uncertainty 
Dimensions: (Structural) number and interdependence of elements; 
(Uncertainty) in goals and in methods 

Remington & 
Pollack, 2007 

Refers to the attributes of complex adaptive systems and identify types 
of project complexity based on the sources of complexity. 
Types: Structural, Technical, Directional, and Temporal Complexity 
Dimensions: All attributes of complex adaptive systems, e.g. hierarchy, 
communication, control, phase transition, adaptiveness, emergence, 
non-linearity, and sensitivity on initial conditions 

Table 1.2.  Summary of Project Complexity Models Derived from Certain Authors  

The figure below (see figure 1.1) is the proposed framework deployed in our study which 
explains that a complex project can be viewed as a complex adaptive system which 
characterized by these following attributes: hierarchy, communication, control, phase 
transition, adaptiveness, emergence, non-linearity, and sensitivity on initial condition as 
defined by Remington and Pollack (2007). The first three attributes are common to all 
systems.  

 

 

 

 

 

 

 

Figure 1.2.  Perception of Project Complexity attributed by Attributes of Complex Adaptive 
System – A Theoretical Framework 
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1.3.  Perceptions of Experience in Projects 

In this section the discussion will establish an understanding of what constitutes 
experience. Risk might be linked to the project success and the project manager’s 
experience may reduce the risk, therefore increasing the possibility of project success. 
Klemp and McClelland (1986) define experience as the ability to adapt to a constantly 
changing environment. Yet Remington and Pollack (2007: p.53) would argue that 
experience may cause blind spots as too much dependence upon previous experience may 
ignore to think literally how to solve the problem in the different way. Experience may also 
refer to number of years of a person in the working field. Ruhl and Parker (1994) refer to 
experience as practical intelligence; they also state that the manager’s decision making is 
influenced by their past experience. 

Concerning a study of IT project failure, Jani (2008) states that project manager’s 
experience does have a strong impact on the project success based on both positive and 
negative points of view. He asserts that project managers relate control over the projects to 
their experience and outcomes achieved from the previous project. The study found that 
participants with higher task-specific, self-efficacy were likely to perceive greater control 
over a failing project even when the project risk factors were less within their control. 
However this might be an illusion of control rather than the ability to control the project in 
reality. This finding supports that project manager’s relevant experience and their degree 
of self-efficacy would have an impact on the project success. However, too strong a level 
of self-efficacy may have a negative impact on project success. Both (Staw and Ross, 
1987) and (Shapira, 1995) state that some experienced project managers have too strong 
self-efficacy, making assumptions based on previous experience about the new situation 
where the previous experience is not applicable. This indicates a negative impact of the 
project manager’s experience towards project success.  

Compared to Jani’s findings (2008), McDonald et al. (2008) not only state the impact of 
project managers’ experience on project success, but also more precisely demonstrate a 
positive correlation between the influence of the director’s prior experience and the firm’s 
strategic initiative performance. The study indicates that the directors will develop 
expertise in making particular kinds of acquisition decisions through their past experience. 
This experience and expertise will have positive effects on the performance of a focal 
firm's acquisitions and relevant director experience will prove most beneficial.  

More specific research has been carried by Ruhl and Parker (1994) in the area of corporate 
takeovers in the managerial accounting environment. Their study focuses on the profit 
center managers’ project selection decisions. Corporate takeovers represent high risk, crisis 
situations (Scribner, 1986; Wagner and Sternberg, 1986). Jani (2008) states that project 
manager will have more influence upon projects which are dominated by growing risk 
factors. The profit centre manager decisions have a strong impact on the project success as 
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he or she is the key decision maker of their business units. The study supports the idea that 
project manager’s experience will influence every decision made in a project.  

All previous studies indicate that project experience has an impact on how individual 
performs and makes  decisions in a project. As stated by Remington and Pollack (2007: 
p.26), 

‘Complexity in a project is a matter of perception. Both people who have too 
narrow a focus and those who are very experienced in a situation may not see a 
situation as complex, although for different reasons’.  

Based on the discussion above regarding project experience, we have developed a context 
– depth project experience matrix which categorizes experience of project manager in term 
of the project context and level of experience they have (see figure 1.3.). 

‐ Rich Experience. Rich experience stands for project managers who have both wide 
project context and in-depth knowledge of the projects. Project managers with rich 
experience will have the main positive influence on reducing risk and ensure the 
project success.  

‐ Poor experience. Project managers with shallow knowledge about limited context of 
projects are categorized in the poor experience sector. In such case, if project managers 
are making key decisions in their business units, they would have a higher risk of 
leading to project failure.  

‐ Focused Experience. The focused experience is limited in terms of context. Project 
managers have very deep knowledge in certain project area but such knowledge may 
not be applicable once the knowledge areas change. In the procurement method 
selection case, participants who have specific experience and knowledge in identifying 
the procurement methods is categorized in the focused experience sector (Love et.al., 
2008). 

‐ Unfocused Experience. Unfocused experience stands for simple projects, limited in 
terms of difficulty. Project managers may have wide-spread knowledge over a broad 
range of projects, however, having no deep knowledge in any. In the Love’s case 
(2008), the participants who are familiar with various procurement systems but limited 
experience in all procurement contexts would fall in this sector. 
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Figure 1.3.  Context – Depth Project Experience Matrix 

The four dimensions on the context – depth project experience matrix will be useful to 
describe where a project manager or a team member is positioned in one of those 
dimensions.  

In the context of project complexity, the study focuses on two attributes of project 
experience which are years of working experience and types of project experience based 
on the context and the depth project experience matrix and how they influence the 
perception of project complexity constituted by the attributes of complex adaptive system 
(figure 1.4). 

 

 

 

 

Figure 1.4.  The influence of Project Experience toward Perception of Project Complexity 
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2.  Manufacturing Industry Overview 

 

This section will explore the development of manufacturing sector in China and in 
Indonesia over years in which are being studied here. It will describe the setting of the 
industries from both sectors in general toward the companies chosen for case studies. 

2.1.  Manufacturing Industry in China 

The Chinese manufacturing industry is still considered as ‘the industry of the morning 
sun’. It has had a very fast growth pace since the 1980s. During the development of the 
past 20 years, the Yangtze River Delta, the Pearl River Delta, and the heavy industry base 
in Northeast China, have become the three big bases of manufacturing industry in China. 
The gross output takes up 40% of the national economy, 88% of the industrial added value. 
The tax handed in from the manufacturing industry comes to almost 1/3 of the national 
taxation and it has an employment of 80 million. All these figures show the important role 
manufacturing industry is playing in the Chinese economy (Han, 2003). 

Focus for this research is on the Chinese components manufacturing industry, started since 
1979. During these thirty years, the size of the industry has grown; however, compared 
with other countries such as Russia, Japan, South Korea or Brazil, there’s still a huge gap 
in terms of industry maturity, productivity, technology, etc. This is due to the economic 
scale, production system, resource allocation and especially the organization structure and 
ineffective management in the companies (Liu, 2001).  

Nowadays the Chinese components manufacturing industry particularly in Chinese 
aeronautics industry is mainly focused on military service. However, as world peace and 
economic development gradually becomes the theme, the demand of military weapons and 
equipment reduced. The economic competition becomes more intense. The Chinese 
government encouraged the aeronautics industry to invest more in the non-military service 
sector (Rao, 2005). The low labour cost in China, the trend of global cooperation among 
aeronautics manufacturers, the support from the government all help to provide positive 
environment to improve and develop a greater market for the aeronautics subcontract 
manufacturing industry (Chi, 2001) 

The Chinese manufacturing company chosen for this study is an aeronautic sub-contracting 
company producing components for some global aircraft manufacturers. The company has 
an expertise in components manufacturing since 1990s and is currently running fifteen 
different projects. Working with a wide range of projects, this would definitely have to 
deal with complexity. This would provide good information for the research topic to see 
how the project manager’s experience contributes to the project complexity and how the 
impact is on the project success  
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2.2.  Manufacturing Industry in Indonesia 

Based on Indonesia’s Statistics Agency (http://www.bps.go.id; accessed November 2008), 
the definition of the manufacturing industry in Indonesia encompasses manufacturing 
establishment, manufacturing industries categorisation and industrial classification. They 
define manufacturing establishment as a unit which conducts economic activity and 
producing of goods or services in a certain building and location. That unit is also 
performing daily-based business records related to production, cost, and sales; and is 
having a person or more who bear the responsibility or the risk of all those activities. They 
categorise manufacturing industries based on the size of the number of persons employed 
regardless the machinery equipment used as well as the value of the assets or capital 
owned by that particular industry whereas the industrial classifications is based on the 
International Standard Industrial Classification for all economic activities (ISIC Rev.3, 
1990). Since the case will be in the automotive industry, this discussion will focus more on 
current conditions of the auto market and its prospects in Indonesia.  

Currently there are 20 car assemblers operating in Indonesia, producing 22 brands of 
automobile. Total capacity of the assembling manufacturers is more than 700,000 units per 
year. Indonesia's automotive industry is booming. Looking backwards to the economic 
downturn at 1997 in Indonesia, there was a decrease in production which then started to 
recover from the year 1999 (Setiono, 2008). Like several other regional markets, Japanese 
manufacturers have the lion's share of sales. In 2004, Japanese brands (Toyota, Mitsubishi, 
Suzuki, Isuzu, Daihatsu, Honda, Nissan, Hino and Mazda), either imported or locally 
assembled, accounted for 81.5% of passenger-car sales. Particularly PT Astra International 
leads the pack and last year increased its market share to 45% from 41.5% in 2003.  

The company chosen here is an automotive manufacturing company in Indonesia. It is one 
of Japanese automotive brands in which most of the shareholders in Indonesia’s 
manufacturing belong to both PT Astra International Tbk. (31,87%) and Daihatsu Motor 
Co. Ltd. (61,75%). As it is a manufacturing industry, they perform manufacturing activities 
such as stamping, engine, casting and assembling in their plant. Along with their 
manufacturing process, these issues concerning friendly environmental, environmental 
awareness and health and safety apply. The company also has an extensive range of car 
and after sales products to offer. This company has long been developing a wide range of 
projects in order to survive in relation to global competition. Therefore it is reasonable to 
assume that the people involved in this company have had some project experience during 
their career in the company. 
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3.  Methodology 

 

This section will elaborate research approach, research design and the strategy deployed to 
collect, analyse and present the empirical data from the study.  

The research philosophy implemented in our study is based on positivism, which is ‘an 
epistemological position that advocates the application of the methods of the natural 
sciences to the study of social reality and beyond’ (Bryman and Bell, 2003, p.14). Such 
this positivism leads to the principle of deductivism. In the deductive approach, theories 
and ideas are identified by using literature review, and then tested by using collected data 
(Saunders et al., 1997). The deductive research process by Bryman and Bell (2003, p.11) 
applied to this study is illustrated below (see figure 3.1).  

 

 

 

Figure 3.1.  The deductive research process (Adapted from Bryman and Bell, 2003) 

We begin our study with the review of complexity definitions from various disciplines and 
three available models. From the literature review, propositions and/ or hypotheses are 
developed. Next, based on our findings from the collected data, those propositions and/ or 
hypotheses will be evaluated (or tested for hypothesis). The result of evaluation or testing 
would direct to either confirming or a need to revise the theory.  

This research can be classified as social research. In conducting any research, a research 
strategy is necessary to provide a general direction for how the writers will go about 
answering the research question(s) they have set (Saunders et.al., 1997). According to 
Bryman (2008), there are two basic research strategies: qualitative and quantitative 
research. They construe quantitative research as research that emphasizes quantification in 
the collection and data analysis. On the other hand, qualitative research is a strategy which 
emphasizes words, ideas and opinions, instead of numbers. Both strategies carry 
differences in terms of their approaches. However these two strategies can be combined 
within an entire research project. When methods associated with both qualitative and 
quantitative research are combined the research is referred to mixed methods research and 
this is being widely used nowadays. The advantages of a mixed methods research are to 
research a problem from all sides and to enhance the data accuracy. 

Once the research strategy has been determined the choosing of research design and 
methods follows. Research design is the framework for collecting and analysing data 
whereas research method is a technique for collecting data which often needs a specific 
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instrument (Bryman, 2008). Over a decade, some authors have categorised different kinds 
of research designs as follow; experiment, survey, case studies (Robson, 1993); however 
Gill and Jonhson (1991) include quasi-experiment and action research; in addition to these 
three, Saunders et al. (1997) consider another two which are cross-sectional and 
longitudinal studies; and finally Bryman (2008) adds comparative design to the research 
designs outlined above. In this study, case study design and methods were applied to 
collect and analyse data.  

Along with the research methods mentioned above there are also criteria for evaluating the 
quality of a social research. These criteria are particularly useful to reduce the chance of 
getting the answer wrong and hence will influence the credibility of the research findings 
(Bryman, 2008 and Saunders et.al., 1997). Based on Saunders et al.(1997), there are two 
prominent criteria for evaluating social research: reliability and validity. Reliability is 
related to consistency of the results and repeatability of similar observation in different 
occasion. Validity is concerned with the integrity of the conclusions generated from a 
research. Four known validity criteria noted by Bryman (2008) are related to measurement; 
internal, external and ecological validity. These criteria will be discussed later for our 
study purpose in this section on data processing and analysis part. 

The following section will discuss more about case study design since it relates to the 
subject and circumstances being studied. We will explore when case study is appropriate to 
use for a research strategy and how to design a good case study as well as how to 
implement case study design in our study.  

 

3.1.  Case Study and Its Application 

3.1.1.  Defining Case Study Method 

Case study as a research strategy is considered by some to be challenging (Yin, 2003a) 
however it is thriving (Gerring, 2007) especially in a social science research. Nevertheless 
the case study has been a common research in many fields of study, for instance, 
psychology, sociology, political science, social work, business and even economics. When 
using case study strategy there are three conditions that indicate the appropriate use of case 
studies: (1) when questions are formed as ‘how’ and ‘why’ research questions, (2) when 
the questions being asked focus on contemporary sets of events, and (3) when the 
investigator has little or no control of behavioural events (Yin, 2003a). Instead of ‘why’ 
and ‘how’ questions Robson (1993: p44) quoted in Saunders et.al. (1997) adds ‘what’ 
which tends to be used in a survey method.  

Case study research is distinctive from other forms of research strategy. Many 
investigators view case study as a less desirable form compared with either experiments or 
survey and some have are of the opinion that case studies are unscientific (Yin, 2003a and 
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Saunders et.al, 1997). Criticisms of case studies as a research strategy include the 
following: First case study research can be seen to be lacking of rigor. Secondly there is a 
common concern regarding generalisation on the basis of a case study. It is impossible to 
generalise theories or findings from a single case. A case study, in fact, does not represent 
‘a sample’ from which it is possible to expand and generalise theories (analytic 
generalisation). A third complaint is since it was in the past case study was taken in 
lengthy narrative work might yield a massive, unreadable document. However Yin (2003a) 
argues that it depends on the topic being studied. In special cases, case studies can also be 
conducted only using material or data from the library or from the internet. 

There is no formal agreement concerning the definition of a case study. Bryman (2008: 
p52) specify that the basic case study involves the detail and intensive knowledge of a 
single case such as: a single community, a single school a single family, a single 
organisation, a person and a single event. For two or more cases, Bryman (2008) 
distinguishes another design which is called comparative design. He also implies that 
comparative design is a multiple-case study in which data collected are usually within a 
cross-sectional design format. On the other hand Robson (1991: p40) widens a single case 
to include a small number related cases. A more extensive explanation regarding case 
study as a research strategy is provided by Ying (2003a: p.14) who states that ‘case study 
comprises an all-encompassing method which is covering the logic of design, data 
collection, techniques and specific approaches to data analysis’.  

There are many variations within case study research (Yin, 2003a). Case studies can be 
conducted using any mix of quantitative and qualitative evidence. Although some 
qualitative research follows ethnographic observation and requires both detailed 
observations and avoidance of any supporting theoretical model in the beginning, case 
study research does not always include direct, detailed observation for source of evidence. 
Another application of case study method is for evaluation research.  

According to Yin (2003b) at least six kinds of case studies have been identified for 
research purposes. Case study research can be performed either on a single case- or 
multiple-case studies. A single-case study focuses on a single case only whereas multiple-
case studies contain two or more cases within the same study. And based on that whether 
single or multiple, the case study can be exploratory, descriptive or explanatory (causal). 
An exploratory case study is to define the questions and hypothesis of subsequent studies 
or to determine the feasibility of the desired procedures. A descriptive case study provides 
a complete description of a phenomenon within its context. An explanatory case study 
offers data bearing on cause-effect relationship—explaining how events happened. 

In relation to our study, there are two companies chosen as two cases being studied. 
Considering that our research involving ‘what’ and ‘why’ types of research question; and 
those questions are being asked relating to a contemporary set of events – during the 
working years of the employees; and the investigators can not manipulate behavioural 
events over that period, a case study design is appropriate for our study. The following 
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section will explain how to design a better case study. It discusses the components of a 
case, criteria for validity and reliability, and its types. 

 

3.1.2.  Designing a Case Study 

This section describes methodological ground which encompasses a basic set of research 
design for doing single- or multiple-case studies. Based on the textbook by Yin (2003a, 
p.21) there are five components of research design particularly appropriate to case studies: 

(1) Study questions. As mentioned in the previous sub-section, the case study is more 
likely to use ‘why’, ‘how’ and ‘what’ question. It is important to clarify precisely the 
nature of research questions being studied. 

(2) Study propositions. Study proposition directs us to reflect on the important theoretical 
issue and helps us to find relevant evidence. But the case study does not require a 
proposition in all cases. This circumstance usually occurs in experiment, survey and the 
other research strategies alike and when a topic is a subject of exploration. 

(3) Unit of analysis. This is the problem of how to define ‘a case’. A case usually involves 
a single subject being the unit of analysis. If a study involves several single subjects 
and information would be collected from each single subject then, in this case, it might 
be included in multiple-case study. Selection of the appropriate unit of analysis often 
happens when research question has been accurately specified. Another method of 
defining the case and the unit of analysis is by using the previous literature as the guide 
for defining the case and unit of analysis. 

(4) Linking data to propositions. One prominent approach for the case study is ‘pattern 
matching’ illustrated by Campbell (1969) whereby several pieces of information from 
the same case may be related to some theoretical proposition. However this approach 
can be done any number of ways regarding the availability and the form of evidence.  

(5) The criteria for interpreting a study’s findings. Related to the previous point, there is 
no particular way of setting the criteria for interpreting a study’s findings. One could 
rely either in qualitative method or in quantitative way by using statistical 
interpretation. 

These five components in research design should inform the first steps (Yin, 2003a). It is 
aimed to help to construct a preliminary theory on the study. This theoretical framework 
development shall be conducted before any collection of the data. For case studies, theory 
development is essential at the design phase. In spite of the fact that it takes time and is 
sometimes rather difficult, a theoretical framework will provide guidance for designing the 
topic being studied and collecting the relevant data. This framework can be implemented 
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regardless the study types, whether it is exploratory, descriptive or explanatory (Yin, 
2003b).  

On top of the research design above, the development of the case study must consider these 
four criteria to justify the quality of research design. These criteria are common to all 
social science methods and have been summarised in numerous textbook (Kidder and 
Judd, 1986 cited in Yin, 2003a: p.25): 

• Construct Validity: establishing correct operational measures for the concept being 
studied. 

• Internal Validity: particularly for explanatory or causal studies only as it concerns on a 
causal relationship whereby certain condition lead to other conditions. 

• External Validity: establishing the domain to which a study’s finding can be 
generalized. 

• Reliability: demonstrating that the operations of a study for instances data collection 
methods can be repeated and brings the same results. 

Yin (2003a: p.26) recommends case study tactics as well as the cross reference to the phase 
of research shown in figure 3.2.  

Criteria Case  Study Tactic(s) 
Phase of Research 
which tactic occurs 

Construct Validity 

• Use multiple sources 
• Establish chain of evidence 
• Have key informants review draft 

case study report 

• Data collection 
• Data collection 
• Composition  

Internal Validity 

• Do pattern-matching 
• Do explanation-building 
• Address rival explanation 
• Use logic models 

• Data analysis 
• Data analysis 
• Data analysis 
• Data analysis 

External Validity 
• Use theory in single-case studies 
• Use replication logic in multiple-

case studies 

• Research design 
• Research design 

Reliability 
• Use case study protocol 
• Develop case study database 

• Data collection 
• Data collection  

Figure 3.2.  Case Study Tactics for Four Design Tests 
Source: COSMOS Corporation 

Yin (2003a) also discusses four types of design in case study drawn in 2x2 matrix (figure 
3.3). The matrix shows single and multiple-case studies indicating the number of cases 
being studied and within these two circumstances there are a unitary unit or multiple units 
of analysis. From this matrix it can be derived into four types of case study design which 
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are: single-case (holistic) designs (type 1), single-case (embedded) design (type 2), 
multiple-case (holistic) designs (type 3) and multiple-case (embedded) design (type 4). 

A brief explanation of rationale used in single case study design type 1 and type 2 (Yin 
2003a) is as follows: For type 1, the use of single case is when it represents the critical 
case – to test a well formulated theory, the unique or extreme case – to which a single case 
is worth documenting and analysing, the representative or typical case – to capture the 
circumstances of an everyday or common place, the revelatory case – to observe the case 
that has been previously inaccessible or investigated, and the longitudinal case – to study 
within two or more different points of time. The other type 2 happens when it includes the 
outcomes from subunits within a single case being studied. The type 1 focuses only on 
larger unit of analysis whereas type 2 studies any specific phenomena during the 
operational of the study. 
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Figure 3.3.  Four Types of Design in Case Study 
(Adapted from Yin, 2003a) 

To the extent of multiple case design type 3 and type 4, these types of design are 
considered to be more well-established yet time-consuming and more expensive to conduct 
(Yin, 2003a). They should follow replication logic; use multiple cases from a holistic 
single case, not from multiple units of analysis. Each case in these types must be chosen 
carefully so that it predicts either (1) similar result – a literal replication or (2) contrasting 
result but for predictable reason – a theoretical replication. Alike a single case design this 
multiple-case design can be either holistic or embedded. In case an embedded design is 
used, each case study may produce the collection and analysis of highly quantitative data 
as the result of using surveys within each case. 

One of particular type of case study design is comparative design (Bryman, 2008). This 
design allows us to contrast two cases being studied using a more or less identical method. 
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As comparative design is derived from the case study design the characteristic of this 
approach are mostly the same, such as in this study the investigators could employ both 
qualitative and quantitative analysis. However data are usually collected using a cross-
sectional format. Such research applies in cross-cultural or cross national research. As our 
research is cross-national this is an appropriate design for this research project. The issues 
of reliability, validity, replicability, and generalizability still apply to a comparative design. 
When this study applies in relation to a qualitative research, it will take the form of 
multiple-case study. However in this context we could argue that this type of study is one 
of four kinds of case study which Ying (2003a) has devised particularly multiple-case 
study design type 4. As our study is involving two cases and couple units of analysis on 
each case within the same context, the case study design type 4 applies. More explanation 
of how the authors are applying this design is given in the next section. 

 

3.1.3.  Applying Case Study Design 

In the context of our research we have chosen to use case study comparative design, multi-
method approach which combines both qualitative and quantitative research methods. Case 
study and comparative design were chosen as research designs which may best answer the 
research questions. There were two cross-national cases based on the projects in two 
companies from the manufacturing sector. Since the study was performed in a cross-
national research and intended to find explanation for similarities or differences, a 
comparative design was also deployed.  

The study had satisfied three conditions that a case study design must have1 (Yin, 2003a, 
Saunders et.al., 1997 and Robson 1993). Based on the literature review, several authors 
(Austin et.al., 2002 and Camprie et.al, 2007) affirm that perceptions of project complexity 
are grounded from the experience of project managers and team members whereas certain 
authors (Baccarini, 1996; Williams, 2002; Remington and Pollack, 2007) would argue that 
such perceptions are attributed by the attributes of complex adaptive system. In this case, 
two propositions to support the analysis were suggested below: 

Proposition I (P1) is the perceptions of project complexity in manufacturing sectors are 
derived from the attributes of complex adaptive system. 

Proposition II (P2) is project experience is not a determining factor for perceptions of 
project complexity. In the other word whether project managers or team members perceive 
a project as ‘complex’ is not influenced by their project experience. 

A study of project complexity was developed in the context of project management. 
Attributes of perceptions of project complexity and project experience are as embedded 

                                                 
1 (1) formed as ‘how’, ‘why’ and ‘what’ research questions, (2) when the questions being asked focuses on 
contemporary set of events, and (3) when the investigator has no or little control of behavioural event  
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units of analysis in this study. We have already chosen two projects from two 
manufacturing sectors in China and Indonesia. In sum, the case study design being 
deployed here is multiple-case (embedded) design – type 4 (illustrated in a figure 3.4 
below). Since there are only two cases apply, the study allowed us to contrast these two 
cases. According to Bryman (2008) this type of case study is defined as ‘comparative 
design’.  

The types of data collected were in both qualitative and quantitative formats. Based on the 
available data, those two propositions were investigated and whether or not the 
interpretations of these data are supporting them.  

 

 

 

 

 

 

 
 

Figure 3.4.  Application of Embedded Multiple-case Design (Type 4) Deployed in the 
Study 

 

3.2.  Data Collection Method  

This section will discuss how data was collected for this study. It has been briefly 
explained that semi-structured interview and closed-type-question questionnaires apply. 
However it is recommended to have preparation for data collection beforehand. According 
to Yin (2003a) there are five steps to follow in every case study: (1) identifying desired 
skill of investigators; (2) the preparation and training of investigators; (3) designing case 
study protocol; (4) Screening of the cases; and (5) Conducting a pilot case study. Since no 
investigator was employed here, hence the first three steps were ignored. The two cases 
chosen were selected taking into account the limitation of time and location and 
considering the ease of access to each company. These limitations also prevented the 
authors doing the pilot case study. This circumstance is possible in the case study; 
depending on the specific inquiry those steps can be applied to varying degrees (Yin, 
2003a). 
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Data for case studies are most commonly obtained from six sources of evidence: 
documents, archival records, interviews, direct observation, participant observation and 
physical artefact (Yin, 2003a). It was difficult to get these multiple sources of data from 
this case study. This is why an interview method formed as a questionnaire was 
administered in our case. This type of questionnaire entails more structured question, more 
like a formal survey. There are another two types of interview method –open-ended 
interview and focused interview (Yin, 2003a) – however these two methods were not 
employed in the case study because they require investigators to be in the study location. 

The type of data collected in this research is primary data. Secondary data such as: raw 
data and published documents from related institutions are recommended if such data are 
easy to collect. Collecting primary data through questionnaire is most frequently used in 
the survey method, yet both experiment and case study research strategies may use this 
method (Saunders et.al., 1997). In order to achieve response rate, validity and reliability of 
answers or results, the design of questionnaire must follow these rules: (1) careful design 
of individual questions; (2) clear layout of the questionnaire form; (3) lucid explanation of 
the purpose of the questionnaire; and (4) pilot testing.  

As for a pilot testing, the authors tested the questionnaires with ten respondents chosen 
from amongst the authors’ colleagues. Fink (1995) advises that the minimum number of 
respondents for a pilot is ten respondents for most questionnaires. There were 
misinterpretations on some questions and thus these unclear questions were revised based 
on the respondents’ suggestions.  

For practical reasons, largely due to distance and access to participants across different 
time zones, the questionnaire conducted in this case study was self-administered which 
means a questionnaire is completed by the respondents. The questionnaire was sent 
through electronic mail. The contents were mostly constructed by closed-type questions for 
project member and three predetermined questions aimed to project managers in both 
company. For the latter type questions we tried to conduct interview with project managers 
by phone, however only two out of four were willing to do it by phone. The number of 
respondents who filled in the questionnaire was planned to be at least three project 
managers from each company and at least 30 subordinates/ team member who were 
involved in projects under a project manager’s supervision and are also employees from 
each company. The total number of respondent expected to reply at least one project 
manager from each company and 50 team members from both companies. The total 
number of responses obtained was 42 in which 22 respondents were contributed from a 
Chinese company including three project managers inside. Other 20 were from an 
Indonesian company including a project manager. The total number of responses was less 
than originally expected (50 respondents in total). 
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3.3.  Formulating Questions for Semi-structured Interview and Questionnaires 

Determining questions used in the questionnaire are crucial in order to be able to answer 
the research questions and to meet the research objectives.  

For the first set of questions (set 1), in the style of semi-structured interview, we used 
open-type questions to explore the perception of project managers regarding project 
complexity. This type of question allowed project managers to answer freely about the 
topic yet the questions were determined at the first place. Though it is possible not to get 
much information from the open questions yet it could support the findings from the closed 
questions. The answers were then summarised and analysed by using qualitative method.  

In contrast, the other contents of questionnaire were all closed questions and divided into 
two sets of questions as they are different in term of type of questions and how to answer 
these questions.  

The second set of questions (set 2) asks the respondents – who are project managers and 
team members – to respond according to a six-point rating scale as to how both project 
managers and team members characterize a complex project in relation to attributes of a 
complex adaptive system. The questions were produced from the questionnaire adapted 
from previous research by Remington and Pollack (2007, Appendix 3) and mainly the 
break-down of attributes of a complex adaptive system. First, the attributes of a complex 
adaptive system were broken down into several attributes based on their theoretical 
definition as defined by Remington and Pollack (2007). Then from the break-down it was 
determined which sub attributes were used as questions in the questionnaire. The final step 
was re-wording the questions so that they were easily understood and not having variations 
on respondent perceptions. To distinguish the way questions are worded, there are four 
types of variable2 which have been grouped by Dillman (1978, cited in Saunders et.al., 
1997). Based on given types, the questions in this set are belief-type variables. Besides 
there are also six types of closed questions3 (Saunders, 1997). A Likert-style scale with six-
point rating scale was employed here to avoid an indecisive answer from the respondents 
when odd number of points scale is used. This scale is useful to ask respondent how 
strongly they agree or disagree with a series of statement on specific number points of 
scale. In this case, factor analysis from SPSS was deployed to test whether those attributes 
are significant enough to characterize project complexity. Later, these factors were used as 
dependent variables. The break-down process of set 2 in the questionnaire can be seen in 
Appendix 1 and Appendix 2. 
                                                 
2  (1) Attitude variables record how respondents feel about something;  

(2) Belief variables record what respondents think or believe is true or false; 
(3) Behaviour variables record what respondents did in the past do know and will do in the future; and 
(4) Attribute variables contain data about the respondents’ characteristic. 

3 (1) List – where there is list of items any of which may be selected; (2) Category – only one response can be 
selected from a given set of categories; (3) Ranking – where the respondent is asked to place something in 
order; (4) Scale – a scaling device is used to record responses; (5) Quantity – the response is a number 
giving the amount; and (6) Grid – where two or more questions can be recorded using the same matrix. 
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The properties of the third set (set 3) with those of the previous set were alike. There were 
only three questions which were drawn from our proposed project experience matrix 
properties. These three questions concerned: (1) the duration the respondent had been 
involved in projects; (2) the kinds of project he/she has experienced; and (3) the size of the 
project that might relate to the difficulties of a project. These questions also acted as 
independent variables which might influence the way a respondent attributes a complex 
system with the attributes from complex adaptive system.  

Table 3.1 summarises the type and expected number of respondents who will participate in 
our study and which set of questions they have to answer. 

Number of Respondents Sample from Set of Questions Type of 
Respondents Chinese Company Indonesian Company 1 2 3 

Project manager(s) 3 3 √ √ √ 
Team member(s) 30 30 - √ √ 

Table 3.1.  Summary of Number of Respondents Sample and Set of Questions for Each 
Type of Respondent 

It was necessary to consider these following aspects: the order and the flow of the 
questions and the layout of questionnaire including the covering letter and how to 
introduce the questionnaire (Saunders, 1997) before using the questionnaire. After all 
consideration above, the final layout of questionnaire in this case study can be seen in 
appendix 4. 

 

3.4.  Data Processing and Analysis  

It is necessary to have a strategy to analyse both qualitative and quantitative data in mixed 
method case studies. Data analysis consists of examining, categorising, tabulating, testing 
and recombining both types of data to address the initial propositions in the study (Yin, 
2003a). There are three strategies involved in conducting an analytic study (Yin, 2003a): 
(1) relying on theoretical propositions; (2) setting up framework based on rival 
explanations; and (3) developing case description. In the cases being studied, the first two 
strategies were applied to support the two theoretical propositions (P1 and P2) suggested 
above. P1, the perceptions of project complexity in manufacturing sectors are derived 
from the attributes of complex adaptive systems, is developed from the theoretical 
proposition that project complexity can be characterized by the attributes of complex 
adaptive systems. In the case of P2, project experience is not a determining factor for 
perceptions of project complexity, it is a rival explanation that a project which is 
perceived as complex is behaving like complex adaptive system and is not determined by 
project experience. In order to test these two propositions, the deductive approach which 
uses the existing theory to support the approach to data analysis applied.  
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The authors sought to test these two propositions through analysing qualitative and 
quantitative data obtained. The analytical technique used in both qualitative and 
quantitative methods was pattern matching. Pattern matching essentially involves 
predicting patterns of outcomes based on theoretical propositions to explain findings 
(Saunders, 1997). If the pattern of both data matches that which has been predicted from 
the conceptual framework, an explanation of findings may have been found as well.  

As mentioned earlier in the data collection section, a qualitative approach was based on the 
response of project managers to the open-type questions (dataset 1). P1 is associated with a 
prediction of whether the dependent variable – perception of project complexity – might be 
attributed by the attributes of complex adaptive system from dataset 2 and the result will be 
matched with the result from qualitative analysis. If this pattern occurs thus it is likely that 
the theoretical framework is appropriate to explain the observed data. As in P1, P2 is 
examined through statistical testing for quantitative data and qualitative analysis for project 
managers’ views as it is possible to include some aspects from the answer of open 
questions if they are related.  

Regarding the category questions provided in set 3 on the questionnaire, the data given by 
the questions were summarised, categorised or, if necessary, interpreted into a table or 
figure. From data-set 3, we will be able to place or position each respondent in the context-
depth project experience matrix which has been developed in the literature review section.  

 

3.4.1.  Hypothesis Test I – Whether Two Groups are Significantly Different 

In order to conduct statistical tests in a research study of this kind, developing hypotheses 
are critical.  

Since data were collected from two independent populations, the groups being from 
different countries, it is necessary to check whether perception of project complexity 
between two groups is significantly different or not. For this purpose a statistical test called 
a ‘paired samples t-test’ could help to interpret this phenomenon. As for the other two, this 
test also has assumptions to be tested on the set of data. Nevertheless according to Hays 
(1994), both normality and variance equality – between two groups – assumptions can be 
excluded even if the sample size is less than 30 and provided that two samples are similar 
of size. Hypothesis for this statistical test related to this study are: 
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For each of the attributes of complex adaptive systems (Hi1, Hi2, Com1, Com2, Con1, 
Con2, PhT1, PhT2, Adp, EM, NL, SIC) and project experience indicators (WY and Type): 

H0 (Null Hypothesis):  mCH – mINA = 0; the difference between the mean of perception of 
project complexity in China case and Indonesia case are nil. (i.e. 
there is no difference between them) 

H1 (Alternate Hypothesis): either mCH – mINA > 0 or mCH – mINA < 0, otherwise there is a 
difference between them. 

 

3.4.2.  Hypothesis Test II – Whether Theoretical Model is Fit with the Observed Data.  

To the extent of P1, a single factor analysis was appropriate as it measured only a single 
dependent variable from a set of measures variables or attributes. Factor analysis is a 
method of data reduction by seeking underlying unobservable (latent) variables that are 
reflected in the observed variables (manifest variables) (http://www.ats.ucla.edu, retrieved 
November 24, 2007). In our case, this latent variable is perception of project complexity 
and manifest variables are Hierarchy (Hi), Communication (Com), Control (Con), Phase 
Transition/ Adaptability (PhT), Adaptiveness/ Self Organisation (Adp), Emergence (Em); 
Non-Linearity (NL) and Sensitivity to Initial Condition (SIC). For variables Hi, Com, Con, 
and PhT; each comprises two sub-attributes, for instance variable Hi is described as Hi1 
and Hi2. Based on P1, the hypothesis below is developed:  

H0:   There is no significant amount of discrepancy between the theoretical model and the 
model predicted from the observed data. The predicted factor model is fit to the 
observed data. It means that the attributes of complex adaptive system (Hi1, Hi2, 
Com1, Com2, Con1, Con2, PhT1, PhT2, Adp, EM, NL, SIC) can be attributed to the 
perception of project complexity.  

H1:   In contrast, there is a significant amount of discrepancy between the theoretical model 
and the model predicted from the observed data. so that those attributes of complex 
adaptive system are not applicable to the perception of project complexity. 

Since proposition I was developed based on the theoretical model, confirmatory factor 
analysis (CFA) – which tests whether a specified set of variables is influencing the number 
of factors in a predicted way or based on pre-establish theory (Decoster, 1998) – was 
deployed. According to Decoster (1998), CFA allows the researcher to predefine the 
number of factors involved. The most common model-fitting procedure is Maximum 
likelihood estimation and the most commonly used test of model adequacy is the chi-
square goodness-of-fit test. In our study the number of factors in the model was predefined 
as one.  
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Before using this factor analysis, some critical assumptions must be fulfilled. These 
assumptions are: valid imputation of factor label; no outliers; interval data are assumed; 
and adequate sample size. Valid imputation relates to the subjectivity involved in imputing 
factor labels from factor loadings. Outliers are an extreme value which can impact 
correlations heavily and thus distort factor analysis. However, in reality we should expect 
outliers in this research because contexts are very different. Likert-scales are commonly 
used with interval procedures, provided the scale item has at least 5 (Garson, 2008a). 
Concerning sample size, at least 50 cases or respondents are required or the result will be 
very poor. Instead of those three above, the common assumptions for multivariate analysis 
such as linearity, multivariate normality, and homoscesdasticity are not considered critical 
(http://faculty.chass.ncsu.edu, accessed at 03 December 2008).  

 

3.4.3. Hypothesis Test III – Whether There is No Association Between Project 
Experience and Attribute of Perception 

Proposition II is intended to determine how project experience might be related to the 
perception of project complexity. As in the proposition I, all the attributes of a complex 
adaptive system are assumed as dependent variables and in addition, three variables from 
data-set 3 are treated as predictor (independence) variables which are working-year (WY) 
and Type which is constituted from project-context (PC) and project-depth (PD). More 
attention is given to the WY variable as the type of data in the WY variable is continuous. 
Therefore it is necessary to categorize the answers into four classifications of working 
years: (1) less than or equal to 5 years, 6 to 10 years, 11 to 15 years and 16 plus..  

Since the model involves multi-variables, multivariate multiple linear regressions test was 
conducted. To support the theoretical framework given in figure 1.4 in the literature 
review, the authors propose hypothesis as follows:  

H0 :  Project experience variables (WY and Type) have no influence in the model. Both are 
not a determining factor on perception of project complexity’s attributes (Hi1, Hi2, 
Com1, Com2, Con1, Con2, PhT1, PhT2, Adp, EM, NL, SIC).  

H1 :  At least one or both of them can predict/ determine the attributes of perception of 
project complexity.  

The assumptions of linearity, reliability of measurement, homoscedascity and normality 
are relevant in this kind of statistical test. Violation of the assumption can lead to distortion 
of findings and weaken the analysis. Linearity is related to the assumption that relationship 
between dependent and independent variables are linear in nature. To the extent of 
reliability of measurement, Cronbach's alpha is the most common form of internal 
consistency reliability coefficient. Alpha equals zero when the true score is not measured at 
all and there is only an error component. Alpha equals 1.0 when all items measure only the 
true score and there is no error component. By convention, a lenient cut-off of .60 is 
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common in exploratory research (Garson, 2008b). Reliability estimates (Cronbach alphas) 
of .7-.8 are acceptable (Nunnally, 1978), whereas Osborne et al. (2001) reported that the 
average alpha commonly used in Educational Psychology journals was 0.83. 
Homoscedasticity means that the variance of errors is the same across all levels of the 
independent variables. This occurrence can be evaluated by examining a plot of the 
standardized residuals (the errors) by the regression standardized predicted value (Garson, 
2008). Lastly, regression assumes that variables should have data normality. To testing this 
assumption, some common techniques are visual inspection of data plots, skew, kurtosis, 
and P-P plots. Kolmogorov-Smirnov tests also provide inferential statistics on normality 
for a larger sample while Shapiro-Wilks test is appropriate for small and medium samples 
(Garson, 2008). 

Finally, for all statistical tests above, statistical analytical software, SPSS v.16 was used in 
the study. For all test methods, level of significance (α) of 0.05 or 5% applies to reject null 
hypothesis. Table 3.2 and table 3.3 given below are the summary of data used, its type and 
analysis used on each dataset; and the steps of statistical test employed together with both 
data involved and the method used. 

Set Variable/ Question(s) Type Analysis Method & Use of 
the Data 

I According to project managers from 
both manufacturing sectors, 
1. How they define a project as 

complex? 
2. On what base they define a 

project as complex? 
3. The difficulties to manage those 

such projects 

Open-type 
questions 

(semi-
structured 
interview 

style) 

Qualitative analysis 

II Many Sub-projects (Hi1) & Many 
Interdependent Activities (Hi2), 
Internal Communication (Com1) & 
External Communication (Com2), 
Technical Control (Con1) & 
Organisational Control (Con2), 
Response to Internal Change 
(PhT1) & Response to External 
Change (PhT2), Adaptiveness/ Self 
Organisation (Adp), Emergence 
(EM); Non-Linearity (NL) and 
Sensitive in Initial Condition (SIC). 

Ordinal Descriptive Statistic 
 
Factor Analysis: as measures 
for latent/ factor 
 
Multivariate Multiple 
Regression: as DVs 
(dependent variables) 
 
Paired t-test: as measures for 
means on each variables 

III Working-Year Categories (WY), 
Types of Experience (Type) 

Categorised/ 
Nominal 

Descriptive Statistic 
 
Multivariate Multiple 
Regression: IVs (Independent 
variables) 

Table 3.2.  Summary of Types of Data and Methods Used to Analyse the Data 
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Step Type of Analysis  Dataset involved Analysis Method 
1. Reliability Analysis Set 2 and Set 3 

separately 
Cronbach’s Alpha  

2. Paired Samples t test Set 2 and 3 yet 
divided into two 
different samples 

Comparing means of each 
attribute/ variable between two 
independent group using t value 

3. Factor Analysis Set 2 Maximum likelihood estimation 
with predefined number of factors 
is 1 

4. Assumptions Test for  
Multivariate Analysis 

Set 2 (8 DVs) & 
Set 3 (2 IVs) 

Residual plot to check linearity 
and homoscedasticity 
 
Komogorov Smirnof/ Shapiro-
Wilks test to check the normality 

5. General Linear Model 
of Multivariate 

Set 2 (8 DVs) & 
Set 3 (2 IVs) 

Multivariate test and test between 
subject effect 

Table 3.3.  Summary of Statistical Procedures Deployed in the Study
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4.  Findings and Discussion 

 

Section four will discuss the general findings, both qualitative and quantitative analysis on 
attributes of perception of project complexity, the relationship between project experience 
and perception of project complexity and finally exploring the differences in perception 
between the manufacturing sites selected in China and in Indonesia.  

 

4.1.  General Findings 

General findings inform the final condition of data collected from the respondents. These 
findings are the summary of data acquisition, descriptive statistics for dataset 2 and dataset 
3, and the result of reliability analysis. Further analysis will be given in specific subject 
related to answering the research questions. 

 

4.1.1  Summary of Data Acquisition  

The number of questionnaires sent to the respondent was 30 questionnaires on each 
company in both manufacturing sector in China and in Indonesia and also an additional set 
aimed to three project managers in each company. The total number of responses obtained 
was 44 in which 22 respondents were contributed from a Chinese company including three 
project managers inside. Other 20 were from an Indonesian company including a project 
manager. The total number of responses was less than originally expected (50 respondents 
in total). There were two questionnaires that could not be processed as lack of information. 
The number of respondents achieved in this study could be considered very poor due to the 
time limitation of this study. Yet the authors tried to avoid to exclusively judging a 
conclusion from the amount of data available. The summary of data acquisition can be 
seen in table 4.1. Detail answers are provided in appendix 5. 

Number of Data Collected Type of Respondents 
Chinese Company Indonesian Company

Project manager 3 1 
Team members 21 19 
Lack of information in the questionnaire 2 (team members) - 
Total Data Collected 22 20 

Table 4.1.  Summary of Data Collected from Both Sector 
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4.1.2. Descriptive Statistics for Dataset 2 – Attributes of Perception of Project 
Complexity 

Descriptive statistics for dataset 2 are given as a table of means and standard deviation 
(table 4.1) and a figure which shows the frequency of attributes perceived (figure 4.1). 

All Data             
  Hi1 Hi2 Con1 Con2 PhT1 PhT2 Com1 Com2 SIC EM Adp NL 
Mean 4.98 4.93 4.71 4.88 4.76 4.86 5.10 4.83 4.88 5.14 5.10 4.86
St. Dev. 1.14 1.18 1.17 1.11 1.03 1.09 1.01 1.10 1.02 0.81 0.96 1.18
Chinese Group           
  Hi1 Hi2 Con1 Con2 PhT1 PhT2 Com1 Com2 SIC EM Adp NL 
Mean 5.05 4.91 4.50 4.95 4.73 4.95 5.18 4.95 5.05 5.23 5.36 4.91
St. Dev. 1.09 1.15 1.22 1.17 0.88 1.05 1.01 0.95 1.00 0.87 0.66 1.11
Indonesian Group           
  Hi1 Hi2 Con1 Con2 PhT1 PhT2 Com1 Com2 SIC EM Adp NL 
Mean 4.90 4.95 4.95 4.80 4.80 4.75 5.00 4.70 4.70 5.05 4.80 4.80
St. Dev. 1.21 1.23 1.10 1.06 1.20 1.16 1.03 1.26 1.03 0.76 1.15 1.28

Table 4.2.  Table of Means and Standard Deviations for Each Attributes Involved. 

Based on the table 4.2, it is shown that in overall the means of all attributes are above 4 
which indicates that all attributes are statistically significant to be attributed to the 
perception of project complexity. For all data, the lowest mean is 4.71 which is the sub-
attribute of Control (Con1) – technical control – and the highest is 5.14 which is the 
attribute Emergence (EM). Standard deviations of all variables in data show around 0.81 to 
1.18. It means that some scales on those attributes are either one scale lower or one scale 
higher than their means. Thus the questions used in the questionnaire might still be 
considered reliable for assessing the significance of each attribute in relation to the 
perception of project complexity because there are not many variations in the responses.  

The result of overall data could also represent the data between Chinese and Indonesian 
groups. Both groups describe that all attributes are statistically significant in projects. The 
lowest mean in Chinese group is technical control (Con1) whereas Indonesian Group 
considers both external communication (Com2) and sensitivity on initial condition (SIC) 
less significant than other attributes. The highest means for both Chinese and Indonesian 
groups are adaptiveness (Adp) and emergence (EM) respectively. 

Figure 4.1 gives more detail concerning how significant attributes may explain the 
perception of project complexity from all data. This figure indicates that most of the 
responses are leaning to significant, more and most significant scale options, seen as the 
last three bars. Their existence within a complex project was recognised by most  
respondents. In contrary, the numbers of responses for the less scale which are shown at 
the first three bars are, in sums, all less than significant options for all attributes. According 
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to the results of descriptive statistics above it appears that all attributes defining a complex 
adaptive system may be related to the perception of project complexity. 
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Figure 4.1.  Frequency of Scale for Attributes of Perception 

 

4.1.3.  Descriptive Statistics for Dataset 3 – Project Experience 

Dataset 3 is related to project experience possessed by the project managers and team 
members in the sample. There are two variables that constitute project experience: (1) 
working year (WY) and (2) types of project experience (Type) which are composed by 
project-depth and project context variables as proposed by authors on literature review 
section. 

As discussed earlier in the literature review section, we have developed a context – depth 
project experience matrix which categorizes experience into four levels of experience: (1) 
Rich Experience stands for project managers and/or team members who have both wide 
project context and in-depth knowledge of the projects; (2) Focused Experience: is limited 
in terms of context. Project managers and/or team members may have very deep 
knowledge in certain project area but such knowledge may not be applicable once the 
knowledge areas change; (3) Unfocused Experience: stands for simple projects, limited in 
terms of difficulty. Project managers and/or team members may have wide-spread 
knowledge over a broad range of projects, however, having no deep knowledge in any; and 
(4) Poor experience is to describe project managers and/or team members with shallow 
knowledge about limited context of projects are categorized in the poor experience sector. 
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Figure 4.2.  Working Year’s Category and Types of Project Experience 

Referring to figure 4.2 above, from 42 respondents including project managers, they 
comprised as follows: 35% had under or equal to 5 years working experience; 29% had 6 
to 10 years working experience; 26% had 11 to 15 years working experience; and others, 
10%, had16 years plus. The project managers were in the latter category. Within the same 
number of respondents, according to our model (discussed earlier) respondents could be 
assigned to the type of project experience possessed. In terms of the types of project 
experience none of them were poor, 52% of them were unfocused people, 31% were 
focused and 17% were people with rich project experience. Within these two companies, 
65% of respondents had six or more years project management experience but that, almost 
half of them, have unfocused types of experience. However both interpretations, number of 
years of experience and types of project experience, were descriptive only of the overall 
data and the Indonesian group. For the Chinese group, the biggest part of respondents was 
36% who had 6 to 10 years experience and 41% who were unfocused people. 

 

Working Years Category

35%
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10%

under or equal 5 yrs 6 to 10 yrs 11 to 15 yrs 16 plus

Chinese Group

23%

36%

27%

14%

under or equal 5 yrs 6 to 10 yrs 11 to 15 yrs 16 plus

Indonesian Group

50%

20%

25%

5%

under or equal 5 yrs 6 to 10 yrs 11 to 15 yrs 16 plus

Chinese Group

18%

41%
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0%

Rich Focused Unfocused Poor

Types of Project Experience
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31%
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15%
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4.1.4.  Reliability Analysis of the Instrument (the Questionnaire) 

Researchers must demonstrate that instruments used are reliable since without reliability, 
research results are not replicable, and replicability is fundamental to the scientific method. 
‘A measure may be reliable but not valid, but it cannot be valid without being reliable. 
That is, reliability is a necessary but not sufficient condition for validity’ (Garson, 2008b 
accessed 03 December 2008 from http://faculty.chass.ncsu.edu). As mentioned in the 
previous chapter, we used Cronbach's alpha, which is widely-used to measure internal 
consistency. Internal consistency measures estimate how consistent individuals respond to 
the items within a scale. It means measuring Cronbach's alpha between or amongst 
different scales with differing numbers of items is not appropriate.  

In this study, a questionnaire was deployed as an instrument for data collection method. 
This questionnaire is consisted of three sets of questions with different purposes and 
dimensions. Dataset 1 is aimed to explore management’s view about the attributes of 
perception. Dataset 2 has a purpose to find the attributes of perception by means of Likert-
scale. The last dataset 3 is used to identify experience of project managers and team 
members based on their working years and types of experience possessed. For reliability 
analysis purposes, only dataset 2 and 3 were processed through statistical reliability 
analysis since dataset 1 is qualitative data. The following table (table 4.3) summarises the 
reliability analysis output for both dataset 2 and dataset 3 separately. The model applied 
here to measure reliability is Cronbach’s alpha with the feature ‘scale if item deleted’ as 
provided in SPSS v16.0. That feature is useful to know whether it is necessary to drop an 
item or question in order to enhance the score of Cronbach’s alpha. 

Reliability Analysis 
Dataset Cronbach's Alpha No of Items 

2 0.808 12 
3 0.895 2 

Table 4.3.  Reliability Result for Both Dataset 2 and Dataset 3 Separately 

The Cronbach’s alphas for reliability test of both dataset 2 and dataset 3 are 0.808 and 
0.895 respectively. Based on these findings, we might affirm that our datasets obtained 
instrument/ questionnaire in this study are reliable enough to be used in the next step. In 
line with Garson (2008b, accessed 03 December 2008 from http://faculty.chass.ncsu.edu ), 
‘the widely-accepted social science cut-off is that alpha should be 0.70 or higher for a set 
of items to be considered a scale’. Concerning the output from the feature ‘scale if item 
deleted’ (see Appendix 6), it can be seen that the score of Cronbach's alpha if item deleted 
for dataset 2 are not significantly changed or staying at around .80. Therefore all the items 
in dataset 2 can be retained. As in the dataset 3, correlation between two items was only 
measured so that once the item is deleted it could not be used further for the calculation of 
alpha. These findings will allow us to continue to other statistical tests for which a 
reliability of measurement is required as one of its assumptions. 
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4.2.  Do Both Sectors Perceive Complex Project Differently? (Hypothetical Testing) 

This section discusses whether there is any difference in perception of project complexity 
between two different samples from different population. Remember that each project 
might have had different levels of complexity. The manufacturing industry is a booming 
sector for developing countries such as China and Indonesia. The two companies chosen in 
this study have some common similarities regarding how they manage a project. Both can 
be described as heavy manufacturing industries since they utilize heavy automated 
machinery in their plants, empower massive workforce and own a broad structure 
organization within. In spite of the similarities, there are also dissimilarities between them. 
As the samples of respondents were obtained from different populations from each of the 
two countries, we cannot avoid the culture difference between Indonesian people and 
Chinese people. Some other factors may also differentiate the perspective of both people 
such as: educational background location and so on. However those factors are beyond the 
scope of our study. The extent of our study is to observe the difference of how project 
members characterize their perceptions of project complexity by attributes of complex 
adaptive system based on the collected data. 

Firstly, it is necessary to find out the statistical significance of the difference between two 
samples of data from the two companies. A statistical test called a ‘paired samples t-test’ 
was conducted to analyze this phenomenon. Data assumptions being used in this procedure 
are not as complicated as the other two before. According to Hays (1994), both normality 
and variance equality – between two groups – assumptions can be excluded even if the 
sample size is less than 30 and provided that two samples are similar of size. In our case 
there were 42 respondents consisting 22 respondents from the Chinese company and other 
20 are from the Indonesian company. In order to meet the requirement of data assumption 
that two samples must be similar in size, the response from two project managers of 
Chinese company are excluded so that both samples have the same proportion as 1 project 
manager and 19 subordinates. Based on this kind of data, the statistical analysis was then 
processed. The result of this paired samples t-test is as shown in table 4.4 at the following 
page and the rest of the statistical test is enclosed in appendix 7.  
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Paired Samples Test 

  Paired Differences 

  95% Confidence Interval 
of the Difference 

  
Mean Std. 

Deviation
Std. Error 

Mean 
Lower Upper 

t df Sig. (2-
tailed) 

Pair 1 Hi1 - Hi1_2 .10000 1.86096 .41612 -.77095 .97095 .240 19 .813
Pair 2 Hi2 - Hi2_2 .10000 1.83246 .40975 -.75762 .95762 .244 19 .810
Pair 3 Con1 - Con1_2 -.35000 1.78517 .39918 -1.18549 .48549 -.877 19 .392
Pair 4 Con2 - Con2_2 .15000 1.72520 .38577 -.65742 .95742 .389 19 .702
Pair 5 PhT1 - PhT1_2 -.05000 1.66938 .37329 -.83130 .73130 -.134 19 .895
Pair 6 PhT2 - PhT2_2 .35000 1.72520 .38577 -.45742 1.15742 .907 19 .376
Pair 7 Com1 - Com1_2 .15000 1.42441 .31851 -.51664 .81664 .471 19 .643
Pair 8 Com2 - Com2_2 .25000 1.88833 .42224 -.63377 1.13377 .592 19 .561
Pair 9 SIC - SIC_2 .25000 1.48235 .33146 -.44376 .94376 .754 19 .460
Pair 10 EM - EM_2 .20000 1.19649 .26754 -.35997 .75997 .748 19 .464
Pair 11 Adp - Adp_2 .60000 1.09545 .24495 .08732 1.11268 2.449 19 .024
Pair 12 NL - NL_2 .20000 1.60918 .35982 -.55312 .95312 .556 19 .585
Pair 13 WY - WY_2 .30000 1.08094 .24170 -.20589 .80589 1.241 19 .230
Pair 14 Type - Type_2 .20000 .83351 .18638 -.19009 .59009 1.073 19 .297

Table 4.4.  Result of Paired – Sample t Test 

There are 14 pairs of attributes and project experience variables being tested and producing 
the significance value of 2-tailed for each pair. All the significance value yielded are 
higher than 0.025 (significance level of 2 tailed) except the attribute of Adp, adaptiveness. 
Since the statistical results do not show enough significance level for all attributes and 
project experience, we may accept null hypothesis for the two samples that there is no 
difference between them or the difference is not statistically significant. For the attribute 
Adp, we may reject null hypothesis in favor of accepting alternate hypothesis. This means 
that project members from different sample perceive attribute Adp differently to a complex 
project. However since we have to view the system as a whole and the attribute 
adaptiveness are dependent of other attributes in a complex adaptive system, we may say 
that in overall they are no difference between two groups 

Therefore this result supports the findings from descriptive statistics of two datasets, 
dataset 2 and dataset 3, above that, instead of analyzing and comparing data by group, we 
can analyse the pattern of the data as a whole since there is no difference the way both 
groups perceives the attributes of project complexity and the proportion of people’s 
experience in projects. 
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4.3.  Attributes of Perception of Project Complexity 

Perceptions of project complexity vary amongst project managers and team members. In 
our study context, perception of project complexity may be able to be attributed by 
attributes of a complex adaptive system. The discussion about this topic will be divided 
into two parts based on the types of collected data; qualitative and quantitative. Qualitative 
data was provided by the answer of additional questions by the project manager (given in 
appendix 8) and quantitative data was obtained from the sets of questions in the 
questionnaire. Qualitative data were discussed in the project managers’ perspectives 
section whereas quantitative data were analyzed in the project managers’ and team 
members’ perspectives in general.  

 

4.3.1.  Project Managers’ Perspective on Project Complexity 

The project managers’ perspectives were drawn from the answers to the additional 
questions in the questionnaire. Answers from three project managers from the Chinese 
company and one project manager from the Indonesia company have been collected for 
this analysis purpose. Since those involved wanted to be anonymous in our study, we 
applied code against them for future reference in this section e.g. C-PM 1 meaning Chinese 
Interviewee Project Manager no 1. All the answers were transcribed and documented in 
appendix 8. Table 4.5 summarises the detail of the interviewees.  

Respondent Country of  
Company Code Experience 

(years) 
Interview 
Method 

Project Manager 1 China C-PM1 23 Telephone 
Project Manager 2 China C-PM2 20 Telephone 
Project Manager 3 China C-PM3 19 E-mail 
Project Manager 1 Indonesia I-PM1 16 E-mail 

Table 4.5.  The Detail of The Interviewees 

a). Chinese Company Analysis 

The paragraphs worded in italic style are the answers from one or more project managers. 
The discussion follows the quotation. We also made some note on each sentence to mark 
any signs for attributes and types of complexity implied. The first part of discussion will 
seek project’s attributes which are common in all systems – Hierarchy, and Control, 
Communication (Remington and Pollack, 2007). 

‘According to the WBS, we can decide the critical paths and determine the milestones for 
the projects [hierarchy]. As assigning all tasks to different departments, they will analyze 
and give feedback to see whether any possible difficulties in the project [control, 
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communication]. For the general project progress, as long as we follow the project plans 
and respect the milestones, making sure the projects are always under control, it can 
prevent and somehow help the complicatedness [hierarchy, control]. There are a lot of 
critical points and these need constant supervision and monitoring [non-linearity, 
emergence, control]. Many complicated projects have a lot of components and many 
interdependent activities [hierarchy]’.[C-PM1] 

‘The company has a very rigid structure [hierarchy] With the WBS and OBS matrix, 
responsibilities are assigned to each person and each department. When tasks are 
distributed, every department will analyze the task they would be doing, then give feedback 
to the project manager [control, communication]. If any estimated problems occur during 
the meantime, they will report it right away. The project needs to be clearly defined to 
move to the next step [non-linearity, communication, adaptiveness]’. [C-PM2] 

‘Due to the properties of the project itself, there are a lot of interdependent activities 
among the projects [hierarchy]. All these activities are inter-linked. Therefore, with the 
efforts of everyone working together, we are able to define the project complicatedness at 
the first place. [hierarchy]. As in the company organizational chart, on the vertical side, 
the company is divided into departments with different functions, these departments 
provide the necessary resources for the projects; on the horizontal side of the matrix, there 
are different projects running in parallel, these projects use the resources provided by 
different departments to make sure completing project tasks on time. This matrix structure 
adapts well to the multi-project and multi-task situation of the aircraft components’ 
subcontracting situation [hierarchy]’.[C-PM3]  

Hierarchy. Based on C-PM1, C-PM2 and C-PM3, hierarchy appears to be one of the most 
significant attributes shown in the Chinese manufacturing firm. It implies that individual 
subsystems affects and influences each other and having inter-relationship actions (C-PM1 
and C-PM3). Significant evidence can be found for the system and sub-system interaction. 
The Chinese firm has a project-based matrix organizational structure, as shown in the 
company organizational chart (see appendix 8 at the C-PM3 part). The company is divided 
into three main project areas – European, American and Chinese – manufacturing projects. 
Each big project consists of many sub-projects. For example, the European project area 
includes projects with Airbus, Dassault, EADS, etc. Each project is broken down into main 
deliverables. This demonstrates that there is a well-defined hierarchy. Within a system 
there are interactions amongst subsystem whether it is vertical, horizontal or diagonal 
connection. This matrix structure adapts well to the multi-project and multi-task situation 
of the aircraft components’ subcontracting situation (C-PM3). C-PM2 perceives that many 
projects have very rigid structures. However the attribute of hierarchy would be expected 
as it pertains to all systems, simple and complex. 

Work breakdown structures are used from the beginning of the project, at the initiation 
stage. Tasks are broken down into different levels and responsibilities are assigned to each 
department (C-PM1). This also matches with the hierarchy attribute as stated by 
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(Remington and Pollack, 2007). The work breakdown structure could be described as a 
traditional project management way to approach such hierarchy. 

Control. Due to the project properties vary in each type of project, every single step in a 
project must be carefully plan. Since the beginning, when the project is defined, the project 
will be divided into different main deliverables. As mentioned by C-PM3, it will be passed 
through different departments in a certain order and some milestones will be defined. 
Within the project progress, the task will later be divided into more detailed and specific 
task will be assigned to each project member. For some ordinary tasks in a project, these 
will be under the project team’s control, and making sure it follows the general path. There 
are also some critical points on the critical path that will be illustrated, monitored and 
controlled. Special responsibility each key point will be assigned to single personnel to 
make sure that these critical points are passed and not delay the whole project progress (C-
PM1). All these actions enabled the stability of every matter related to or within a system 
such as relationship, operation, etc. This supports the attributes description from 
(Remington and Pollack, 2007). However the attribute of control would be expected as it 
pertains to all systems, simple and complex. 

Communication. There are some interlinked attributes for the complex manufacturing 
company. As hierarchy and control attributes, effective communication is also needed. The 
clear reporting pathway and the clear work breakdown structure also indicate 
communication. As mentioned by (Remington and Pollack, 2007), communication is 
formed as information passed amongst elements within a system. It can be both formal and 
informal. The frequent feedback from each department and each project team indicates the 
response. In the case of the Chinese manufacturing company, the response influence 
positively and this improves the communication. In accordance with C-PM2, 
communication is essential once problems occur so that the follow-up action can be 
defined to move to the next step. However the attribute of communication would be 
expected as it pertains to all systems, simple and complex.  

Others attributes of complex adaptive systems were also implied in some statements of 
project managers.  

‘For instance in procurement, if there’s some new materials never been purchased before 
or very rare in the market, it would be challenging and making the process complicated 
[non-linearity, adaptiveness] there are also some possibilities when problems occur along 
the progress. There are a lot of critical points and these need constant supervision and 
monitoring [non-linearity, emergence, control]. Some hidden or unpredicted problems may 
occur to make the projects complicated [non-linearity, emergence]. If the project only 
depend on internal environment, things would be easier to control. If the project is also 
very influenced by the external environment, if the technology is challenging, help from 
outside would also be needed [non-linearity, phase transition]. From the Learning curve 
point of view, some projects may seem simple, but as never had such experience before, 
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this made the project complicated and hard to manage [non-linearity, adaptiveness]’ [C-
PM1].  

‘If any estimated problems occur during the meantime, they will report it right away. The 
project needs to be clearly defined to move to the next step [non-linearity, communication, 
adaptiveness]’. [C-PM2] 

Non-linearity. Non-linearity can arise in every condition of a project, whether it results 
from rare resource, unpredictable problem both from internal or external environment, or 
technological challenge (C-PM1). Many other situations in a project trigger the emergent 
of non-linear relationships within a project or amongst projects such as unpredictable 
people behaviour, changes in government regulation or client requirements. This suggests 
that non-linearity (as described by Remington and Polack, 2007) is apparent in the Chinese 
company. 

Emergence. Many critical points in a project (C-PM1) will carry non-linearity 
relationships amongst critical points in a project. When a non-linearity relationship 
happens, and is determined, the attribute emergence of a project will appear. This non-
linearity usually appears from some hidden or unpredicted problems and emerging some 
new properties of a project. These unpredictable problems can create changes at any time. 
It can be seen that emergence attribute is dependent of non-linearity attribute.  

Adaptiveness/ Self Organization. Alike the attribute of emergence, this attribute is 
triggered by non-linear relationship behaviours in a project. When external information 
entered in the project environment and influenced the relationship either as positive or 
negative feedback, the project environment adapts (Aritua et.al, 2007). Many parts of the 
company system also show adaptiveness in the complex adaptive system. In the Chinese 
company case, procurement of new material, learning curve of team member and 
According to Remington and Pollack (2007), system adaptation can be in response to 
variation in the supply of resources which the system relies upon, new environmental 
constraints, and the appearance of new possibilities. Adaptiveness is the ability of the 
system to alter its behaviour in response to stimuli. Concerning the Chinese company, 
adaptiveness relates with change in external environments, such as government 
regulations; lack of key resources, e.g. purchasing materials, which may lead to bottlenecks 
holding up key processes; objectives requirements change over time, etc. (Remington and 
Pollack, 2007). Application of new technologies [C-PM1] will also encourage the 
appearance of this attribute caused by the introduction new machinery. It will change the 
working environment dramatically on the shop floor. People will behave differently to 
accommodate the change. 

Sensitivity to initial conditions. In the managers’ views above, there was not mentioned 
well about the attribute sensitivity on initial conditions. In fact all the attributes above were 
not described explicitly yet implicitly. As explained by Remington and Pollack (2007), this 
attribute indicates that initial conditions on a project, sub-projects, activities, and even after 
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the changes in a project may result different impact in the end, particularly when the other 
attribute non-linearity, appears. According to C-PM1, Projects was generally well defined 
in the beginning in term of WBS, critical paths, tasks, and milestones for the projects. 
During the project progress, control, supervision and monitoring are critical as projects 
usually consists of a lot of components and many interdependent activities. In line with C-
PM1’s description of their projects, C-PM2 added that this result from a very rigid 
structure of a project. This implies that their projects tend to be very sensitive on initial 
condition. A project must be so well-defined, well-planned and well-controlled that it can 
deliver a successful project.  

 

b). Indonesian Company Analysis 

Using the same pattern of analysis in the Chinese company section, the discussion starts 
with attributes which can be identified in all systems. 

‘The more the packages the more complicated the project will be [hierarchy]. And we need 
some expert to do that. Most of the projects here are manufacturing components for spare 
part. It’s getting complicated whenever the company would like to launch a whole new car 
product as we have to adjust the new set-up for the new product [non-linearity, 
adaptiveness]. Once you face a complicated project like that, it means I need everything to 
be in my supervision [control], every progress is reported well and we keep our pace with 
a difficult project so that we can reach the deadline [emergence, phase transition, 
communication]. Besides of those technical and operational things, sometimes a project is 
being complicated once there is a change within a project even for small one. The changes 
usually coming from the R & D department regarding the reliability of the product so it 
needs some changes or wrong-choose of material used. Some are also coming from the 
instruction of executive regarding the specification of the product. And it took times to 
apply the change but we can manage that most of the time [non-linearity, emergence, 
phase transition]’ [I-PM1]. 

From I-PM1’s statement above, he implies that all the attributes which usually define all 
systems: hierarchy, communication, control and emergence; were featured in all 
projects. Hierarchy has been defined as many work packages particularly when it is about 
to launch a new product (I-PM1). As we may know in an automotive manufacturing 
company, it usually has not only one single plant but also two or three other plants with 
different purpose. For instance in Volvo Car Corporation, they have different plants 
located on many different places in Sweden and for each plant, it has specific purpose (i.e.: 
Umeå plants are built for producing, stamping and painting truck face body). However the 
Indonesian company has only one single plant to perform all manufacturing activities such 
as stamping, engine, casting and assembling in their plant as it is smaller. In spite of only 
having one main plant, good coordination amongst or between sub-plants is still 
considered essential. Coordination means that it also requires good communication and 
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control (Morris, 1988 and Mintzberg, 1991), whereas Baccarini (1996: p 204) defines as 
‘managed by integration’. However communication and control are common to all systems 
and would be found to some degree or other in any managed project. 

I-PM1 also identifies a sort of non-linearity form appears when there were any external 
changes such as product specification or material used. When adjusting the initial set-up 
and waiting for new material arrives, environment system – particularly people – started to 
be adaptive and emergence process occurs. Launching a new product for a different type 
of car will create a big alteration in the production process. Massive adjustment in 
automated machineries or even change in leadership, to meet the specific expertise, will be 
required. This process illustrates how phase transition occasionally occurs in projects, 
especially for the Indonesian company. Phase transition is usually an abrupt and often 
spectacular or dramatic change in the way things are happen – like an avalanche effect. 

All in all, the findings support the notion that if we can categorise the projects investigated 
as complex, the attributes of these projects identified by all project managers from both 
companies were comparable with attributes found in complex adaptive systems. Based on 
both discussions above we suggest that all attributes of complex adaptive systems – 
hierarchy, communication, contact, emergence, adaptiveness, phase transition, non-
linearity, and sensitivity on initial condition – were associated with the perception of 
project complexity in manufacture sector.  

 

4.3.2.  Project Members’ Perspectives in General 

In this context, we would like to identify how project team members perceive project 
complexity in this study. Project manager perspectives were analyzed through qualitative 
methods since the data were obtained from questions with a semi-structured interview-like 
and the sample was very small. On the other hand, project team member data were formed 
as variables with a six-point Likert scale. In the general findings sections, these data are 
processed by means of simple descriptive statistic to generate the frequency distribution of 
scale for each variable involved in the model. In order to find supporting evidence for what 
descriptive statistics asserts in the findings discussed above, another advanced statistical 
procedure, factor analysis, was applied with the purpose of assessing whether attributes in 
the predicted model are expected to be adequately fitted to attributes in the theoretical one.  

Based on the hypotheses built in the methodology part for proposition I (P1), a 
confirmatory factor analysis were applied by using Maximum likelihood estimation as a 
model-fitting procedure. This procedure uses chi-square goodness-of-fit to test the model 
adequacy. Due to only one single factor being analyzed which is the perception of project 
complexity, the number of factors was predefined as would be extracted into one factor 
only.  
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Some assumptions are required before applying factor analysis. Since there is a theoretical 
model in this study, imputation of factor label was obtained from the theoretical model. 
There was no need to conduct forum or panel to discuss factor labeling process. No outliers 
and interval data were satisfied by the use of Likert-scale. Exception was given to the 
sample size. It was thought that the number of 42 respondents might reduce the accuracy of 
the analysis, however, according to Garson (2008b) the number cases are at least more than 
the number of factors implemented in the model. In our case, 42 respondents were 
expected to be adequate to measure 12 variables used in the model. Hence the assumptions 
concerning the conditions of variables applied in the model were satisfied. 

All the features in factor analysis described above are provided in SPSS statistical 
software. The detail result of this factor analysis is provided in appendix 9. This table 
below (table 4.6) is presented for the hypothetical testing purpose and discussion 
concerning how a factor – perception of project complexity – estimates the variance on 
each variable accounted for. 

Communalities 
 Hi1 Hi2 Con1 Con2 PhT1 PhT2 Com1 Com2 SIC EM Adp NL 

Initial .327 .581 .488 .567 .310 .622 .255 .504 .313 .109 .385 .399

Extraction Method: Maximum Likelihood. 

Goodness-of-fit Test 

Chi-Square df Sig. 
55.560 54 .416

Table 4.6.  Communality Scores on Each Attribute and the Result of Goodness of Fit Test.  

Communalities in table 4.6 inform estimates of variance in each attributes by the factor 
which is perception of project complexity. These scores indicate how perception of project 
complexity contributes to variation of responses on each variable. The bigger the score the 
higher an attribute associate with the factor. However the result above shows most 
communality are lower than 0.5 and only 4 of them are just above 0.5. For those which 
scores are slightly higher than 0.5 may be considered low but more attention are given to 
these four attributes Hi2, Con2, PhT2, and Com2 – many interdependent activities; 
organisational control, response to external changes; and external communication 
respectively. Project members might perceive these four attributes are related more to 
projects than others. The communalities above are merely information regarding how the 
attributes form a factor in the model. Since confirmatory factor analysis (CFA) needs a 
larger sample size than exploratory one (EFA), the lack of data in this study had been a 
concern. The need of 200 data is expected by a model which may produce higher 
communalities (DeCoster, 1998). This result can not justify whether all attributes are 
adequately enough to describe project complexity, for this case Goodness of fit test is used 
instead. 
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Goodness of fit test yields the significance score (p-value) of .416 for the predicted model. 
Since the score is higher than level of significance α of 0.05, it means that the discrepancy 
between two models – theoretical and predicted from observed data – is not statistically 
significant therefore the null hypothesis that the predefined factor model is fit to the 
observed data may not be rejected. From this result we can suggest that the attributes of 
complex adaptive system – hierarchy, communication, control, emergence, 
adaptiveness, phase transition, non-linearity, and sensitivity on initial condition – may 
be attributed to the perception of project complexity.  

Both findings from qualitative and quantitative data may suggest that a project which is 
perceived as complex may be have attributes of complex adaptive system. Thus 
Proposition I that the perception of project complexity in manufacturing sectors is derived 
from the attributes of complex adaptive system is satisfied. 

 

4.4.  The Relationship between Project Experience and Perception of Project Complexity 

As mentioned on Proposition II (P2), we would like to investigate whether project 
experience determines how project members perceive a project as complex. In other words 
the relationship between project experience and perception of project complexity is 
observed. If there is any relationship, further analysis will be performed to identify what 
kind of relationship exists. 

There are many statistical tests available to detect relationship or correlation amongst 
variables based on the number of dependent variables and independent variables being 
used in a model. The model being studied here encompasses 12 dependent variables (DVs) 
which are attributes of perception and two independent variables (2 IVs) which are 
working-year (WY) and Type. Since the model is involving multi-variables, multivariate 
multiple linear regressions test is appropriate for this circumstance.  

Like other statistical procedures, the researchers must ensure that data must meet the 
certain requirements/ assumptions. The most common data assumptions used in the 
statistical research as stated on the methodology part are reliability, linearity, normality and 
homoscesdacity. The reliability of measurements has been performed earlier and it yielded 
a statistically significant reliable instrument with Cronbach’s alphas for both dataset 2 and 
dataset 3 are 0.808 and 0.895 consecutively.  

To detect the linearity and homoscedacity of the data, certain authors, Garson (2008c) and 
Osborne and Elaine (2002) suggest conducting an inspection of residual plots of 
standardised residual against standardised predicted value. Ideally, the plot of residuals 
will be randomly scattered to be considered valid in these two assumptions. Based on 
residual plot resulted from SPSS (see appendix 11), the authors used four classifications 
(patterned, slightly patterned, slightly random, random) to see how the residuals are 
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scattered. These classifications are useful to justify whether the plots are violated the 
assumptions of homoscedascity and linearity or not. The table below (table 4.7) is the 
summary of the plot condition on each attribute. 

Result of Residual Plot 

No Variable(s) / 
Attribute (s) Result 

1. Hi1 Slightly patterned 
2. Hi2 Slightly Random 
3.  Con1 Slightly Patterned 
4. Con2 Random 
5. PhT1 Slightly patterned 
6. PhT2 Slightly random 
7. Com1 Random 
8. Com2 Patterned 
9. SIC Patterned 

10. EM Slightly random 
11. Adp Slightly patterned 
12. NL Patterned 

Table 4.7.  Result of Residual Plot in Relation with Data Linearity and Homoscesdacity. 

Our finding above indicates that most residual plot of the attributes have tendencies to 
form a pattern which violates the data assumptions for this test. The small sample available 
and the way in which test sites were selected might be reasons why linearity and 
homoscesdacity of data were poor.  

The other test of assumption conducted was to check the normality of data distribution in 
each variable. The null hypothesis assumed in test of normality is that the distribution of 
the data follows a normal distribution. It denotes that there is no difference of distribution 
of the data in the model with a normal distribution. For testing that hypothesis, Shapiro-
Wilk’s test is appropriate for small and medium samples (Garson, 2008). Every value 
higher than a level of significance .05 in this test will result rejecting the null hypothesis in 
favour of alternate hypothesis.  

All attributes of perception were tested for the normality and together with their residuals. 
The result is given in table 4.8 and table 4.9 at the following page: 
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Tests of Normality on Each Variable 

 Kolmogorov-Smirnova Shapiro-Wilk 
 Statistic df Sig. Statistic df Sig. 
Hi1 .245 42 .000 .818 42 .000 
Hi2 .238 42 .000 .822 42 .000 
Con1 .215 42 .000 .873 42 .000 
Con2 .233 42 .000 .849 42 .000 
PhT1 .234 42 .000 .880 42 .000 
PhT2 .233 42 .000 .835 42 .000 
Com1 .248 42 .000 .782 42 .000 
Com2 .251 42 .000 .852 42 .000 
SIC .198 42 .000 .860 42 .000 
EM .235 42 .000 .826 42 .000 
Adp .256 42 .000 .802 42 .000 
NL .215 42 .000 .844 42 .000 
WY .219 42 .000 .848 42 .000 
Type .325 42 .000 .747 42 .000 
a. Lilliefors Significance Correction    

Table 4.8.  Result of Normality Test on Each Variable in the Model. 

Tests of Normality on Standardized Residual from DVs 
 Kolmogorov-Smirnova Shapiro-Wilk 
 Statistic df Sig. Statistic df Sig. 
Residual for Hi1 .121 42 .126 .928 42 .011 
Residual for Hi2 .188 42 .001 .858 42 .000 
Residual for Con1 .143 42 .031 .960 42 .145 
Residual for Con2 .139 42 .039 .968 42 .286 
Residual for PhT1 .095 42 .200* .952 42 .074 
Residual for PhT2 .150 42 .018 .921 42 .007 
Residual for Com1 .182 42 .001 .862 42 .000 
Residual for Com2 .172 42 .003 .920 42 .006 
Residual for SIC .156 42 .012 .954 42 .088 
Residual for EM .112 42 .200* .958 42 .125 
Residual for Adp .238 42 .000 .884 42 .001 
Residual for NL .187 42 .001 .901 42 .002 
a. Lilliefors Significance Correction     
*. This is a lower bound of the true significance.    

Table 4.9.  Result of Residual Normality Test on Each Variable in the Model. 

It can be seen that all p-value of attributes are statistically significant so that it can be 
affirmed that we reject null hypothesis in favour of the alternate hypothesis. It means that 
data are not normally distributed yet follow other kinds of distribution instead. The lack of 
normal distribution might also be influenced by the lack of independence of the variables 
(Hi, Con, etc.) The same result of non-normality of the data is also indicated by 
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distribution of residual data (see table 4.6 in previous page) of which they were supposed 
to be normally distributed. Most of them are rejecting the null hypotheses regarding 
normality. Only five variables – Con1, Con2, PhT1, SIC, Em – are accepting null 
hypothesis that the data follows a normal distribution.  

Based on these results it was difficult to determine whether to proceed or not based on the 
available data which has violated the three assumptions above. Data in the model only 
satisfied the reliability assumption of measurement. We determined that we should not use 
these data to further statistical procedure. However it is important to note that the study has 
a small number of non-randomly selected subjects from two sites only which might be 
insufficient to conduct most of statistical procedures which require a larger sample size. 
Despite these violations, for the purposes of demonstration only the data will still be 
employed to explore the next step of statistical process, however we should be aware not to 
deduce any conclusions based on findings data but rather to figure out what pattern entails 
from the data.  

In order to support P2, the given theoretical framework in figure 1.4 at the literature review 
was tested by means of hypothetical testing. The null hypothesis supports a statement that 
project experience variables (WY and Type) have no influence in the model. On the 
contrary, the alternate hypothesis explains that one or both of them can have an influence 
on one who will perceive a project as complex. The test deployed for this purpose was a 
multivariate multiple linear regression which is called multivariate general linear model 
which is featured in SPSS.  

The main reporting features in this test are the multivariate test report (given on table 4.7) 
and the test between-subject effects. As seen on table 4.10, multivariate tests are using four 
tests significance to test whether or not the variances of dependent variables tested – 
attributes of perception of project complexity – are significant amongst categories on each 
independent variable (IV) – project experience. Since all significance values of the 
multivariate tests are higher than .05, then we should accept null hypothesis that attributes 
of perception of project complexity do not vary amongst types of working years as defined 
by WY. Similar condition is also achieved on types of project experience that attributes do 
not vary amongst them. Lastly, the difference in attributes between categories of working 
years is not dependent of the types of project experience.  
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Multivariate Testsc 

Effect Value F Hypothesis df Error df Sig. 
Pillai's Trace .988 1.715E2 12.000 24.000 .000
Wilks' Lambda .012 1.715E2 12.000 24.000 .000
Hotelling's Trace 85.745 1.715E2 12.000 24.000 .000

Intercept 

Roy's Largest Root 85.745 1.715E2 12.000 24.000 .000
Pillai's Trace .932 .977 36.000 78.000 .519
Wilks' Lambda .322 .929 36.000 71.638 .587
Hotelling's Trace 1.399 .881 36.000 68.000 .655

WY 

Roy's Largest Root .685 1.483b 12.000 26.000 .193
Pillai's Trace .670 1.050 24.000 50.000 .429
Wilks' Lambda .441 1.010a 24.000 48.000 .473
Hotelling's Trace 1.013 .971 24.000 46.000 .518

Type 

Roy's Largest Root .566 1.179b 12.000 25.000 .349
Pillai's Trace .277 .766a 12.000 24.000 .678
Wilks' Lambda .723 .766a 12.000 24.000 .678
Hotelling's Trace .383 .766a 12.000 24.000 .678

WY * Type 

Roy's Largest Root .383 .766a 12.000 24.000 .678
a. Exact statistic      
b. The statistic is an upper bound on F that yields a lower bound on the significance level. 
c. Design: Intercept + WY + Type + WY * Type    

Table 4.10.  Result of Multivariate Test on Attributes of Perception against Project 
Experience 

The independencies amongst variables above are also supported by the result of the test 
between-subject effects (provided in appendix 10). The significance values for all 
relationships between each project experience variable and each attributes are higher than 
.05 which confirms that all relationships are statistically insignificant. These results 
clarifies that all of the IVs (WY and Type) in the model have no statistical significance of 
influence with the joint distribution of all DVs (Hi1, Hi2, Com1, Com2, Con1, Con2, 
PhT1, PhT2, Adp, EM, NL, SIC). Based on the previous discussion, we may suggests to 
accept null hypothesis that for this sample attributes related to project experience - 
Working Year and Types of Experience - have no influence in the model. Both are not 
determining factors on perception of project complexity’s attributes (hierarchy, 
communication, control emergence, adaptiveness, phase transition, non-linearity, and 
sensitivity on initial condition).  

Nevertheless, the finding above is in contradiction with what the project managers said 
concerning their justification that a project as complex. The following are the summaries of 
the project managers’ point of views regarding the benefit of knowledge and experience of 
previous projects toward how they perceive a complex project.  
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‘The project manager’s experience may help avoiding certain mistakes to ensure the 
projects are delivered on time’ [C-PM1 and C-PM3], ‘inexperienced project manager may 
have unrealistic scopes and requirements for projects. In this case, the project is taken 
passively and the milestones may be delayed one after another and finally affecting the 
final delivery date’ [C-PM2]. ‘If a project manager has a lot of experience about similar 
projects, it will help save a lot of time and reduce the learning curve of a project and 
discover the problems on time and ensure the project progress’ [C-PM2 and C-PM3] 

‘The feature within a project may let one to justify whether it’s going to be complicated or 
not. However it is difficult to say that those features will make a project being complicated 
without basing their rationalization on knowledge and experience managing many projects 
before’ [I-PM1]. 

According to the project managers quoted above, experience and knowledge were two 
important factors when justifying whether a project as complex or not. An ill-defined 
project in the beginning may lead to the failure of the project. This mistake might be 
avoided by most of experienced project managers because of their experience in many 
previous projects. As discussed earlier Jani (2008) states that project manager’s experience 
does have a strong impact on the project success based on both positive and negative point 
of view. He asserts that project managers relate control over the projects to their 
experience and outcomes achieved from the previous project. The study found that 
participants with higher task-specific, self-efficacy were likely to perceive greater control 
over a failing project even when the project risk factors were less within their control. This 
might be an illusion of control rather than the ability to control the project in reality. 
Therefore, too strong a level of self-efficacy which comes, at least partially from 
experience, may have a negative impact on project success (Staw and Ross, 1987) and 
(Shapira, 1995). This was not controlled for and might have a significant influence on the 
results obtained. However the team members had, on average, much less experience than 
the project managers. Therefore they might have a very different perception of the 
complexity of the project, either underestimating the complexity because they could not 
recognize problems or overestimating the complexity because they did not have the 
experience to recognize problems. 

To the extent of Proposition II that project experience is not a determining factor for 
perceptions of project complexity is not able to justify at this moment as it needs further 
study with more data involved. 
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5.  Conclusion 

 

Chapter five will integrate all findings and discussion from previous chapter and deliver 
those findings into the main results from the study. It is also included in this chapter are 
contribution of the study, study limitation and, in the end, direction for future study. 

 

5.1.  Conclusion 

Identifying what attributes can be attributed in a project in the very beginning is critical in 
planning phase of a project. The attributes of a complex adaptive systems are believed by 
many authors they are very often found in a complex project (Baccarini, 1996; Williams, 
2002; Remington and Pollack, 2007). From a management perspective, project complexity 
may be perceived differently between project managers and amongst team members. These 
differences may be derived from either personal view on attributes which make a project 
perceived as complex, or personal experience in projects. Identifying these attribute on a 
project from specific sector of industry may clarify factors determining how project 
managers or team members perceive a project as complex.  

Some quantitative and qualitative findings have been found in this study in relation to the 
attributes to perception of project complexity. Project managers and team members had 
tendencies to see the similarity between complex adaptive system and project complexity 
behaviours. It is supported by statistics that the Project managers and team members 
mostly view attributes of perception of project complexity as the attributes of a complex 
adaptive system.  

In order to support analysis in our study, we have developed two propositions which entail 
a pair of hypothesis, null and alternate, each. The first proposition, proposition I, is 
derived from the theoretical framework concerning on the perceptions of project 
complexity in manufacturing sectors are derived from the attributes of complex adaptive 
system. This proposition led to a null hypothesis that the theoretical framework built did fit 
the observed data, in this case, the quantitative data. To strengthen the result of the 
hypothesis test, qualitative analysis was conducted. The second proposition, proposition II 
is intended to determine how project experience might be related to the perception of 
project complexity. As in proposition I, a null hypothesis test and qualitative analysis were 
performed. Another hypothesis was also developed to reveal any statistical differences 
between the two groups, Chinese and Indonesian, based on the attributes given in the 
observed data.  

Despite the study having been conducted within cross national boundary, there are some 
evidences that there is no difference between the findings found in perceiving two projects 
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not only from different companies but also from different countries. A significant finding 
was from the statistical procedure to compare between two companies. It has been proved 
that between two companies a project manager and team member may have no difference 
on the perception of project complexity. For instance how project managers from one 
company have perceived attributes of perception is most likely the same as how the other 
project managers did. Only attribute adaptiveness has been found to be perceived 
differently between two groups. However since we have to view the system as a whole and 
the attribute adaptiveness are dependent of other attributes in a complex adaptive system, 
we may say that in overall they are no difference between two groups. Together with this 
finding, it appears (based on this small sample) also that there is no difference in the 
proportion of project experience. This indicates that the proportions of people’s working 
years and project experience between two groups are alike.  

Particularly, the interview which is involving cross-national project managers of two 
projects between two companies from manufacturing sector in China and in Indonesia, all 
project managers involved had mostly the same perception yet implicitly regarding project 
complexity that this perception has been featured by the attributes in a complex adaptive 
system. This finding is also confirmed by the statistical test that the attributes of complex 
adaptive system are statistically significant to describe perception of project complexity. 
We identified hierarchy, communication, control, emergence, phase transition, 
nonlinearity, adaptiveness and sensitivity on Initial condition as how to perceive 
project complexity. Therefore attributes of complex adaptive system may be attributed to 
the perception of project complexity. 

Contradictory results were discovered to the extent of whether project experience 
influences project managers or project members’ perception of project complexity. Project 
experience is constituted by the number of working years and types of project experience. 
Statistically speaking, working years and types of project experience have been found to be 
not significant to influence how a project manager or project members perceives project 
complexity. On the other hand, based on project managers’ opinions, knowledge and 
experience are the most important factors how one deciding the attributes of project 
complexity. For example, an ill-defined project in the beginning may lead to the project 
being delayed even failed in the end. Therefore there is still critical gap between project 
experience and the perception of project complexity which has to be covered before 
conclusive analysis can be made. 

Based on the conclusions above, below is the summary of findings in order to answer the 
research question of our study respectively. 

1. The attributes of perception of project complexity may be characterised by the 
attributes of complex adaptive systems; hierarchy, communication, control, 
emergence, phase transition, nonlinearity, adaptiveness and sensitivity on initial 
conditions. 
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2. From this research, we could not determine whether project experience affects the way 
projects managers and project members perceive project complexity. Further study 
with more data is required. 

3. There is no significant difference relating to the observed data between both groups of 
project managers and team members from two companies in China and Indonesia. This 
means that the perception about project complexity and its relation to project 
experience from both samples are alike.  

Ultimately, the main conclusion that was revealed through the case studies is that attributes 
of a complex adaptive system may be attributed to perception of project complexity, 
however in order to find more precise finding, the same study with a larger sample size is 
needed to achieve more accurate and convincing findings.  

 

5.2.  Contribution of the Study 

Since there are not many researches concerning complexity in a project, the study will add 
some insight of the project complexity from theoretical model to be applicable in the real 
project environment. Our findings support a theoretical approach as defined by Remington 
and Pollack (2007) that project complexity can be characterised by the attributes of a 
complex adaptive system in our cases. This study has explored the relationship between 
attributes of project complexity and perceptions of complexity by project managers and 
team members in two projects in two separate countries. 

5.3.  Study Limitation 

We decided to concentrate on the attributes of complex adaptive systems because there is 
now general agreement across the literature that these attributes are common to complex 
adaptive systems. We made the assumption, based on the literature (Baccarini, 1996; 
Williams, 2002; Remington & Pollack, 2007) that a complex project behaves like a 
complex adaptive system. Therefore the findings are limited by this assumption.  

Because we assigned a particular meaning to the word complex in this study we used the 
word 'complicated' in the questionnaires. This was to reduce potential confusion but we 
can not guarantee that different interpretations did not exist. Particularly in this study there 
were only a few interviews and some were by email. With the email interviews we did not 
have a chance to explore any responses to clarify understanding there is a higher chance of 
misunderstanding.  

We would have expected team members to have had a different understanding of project 
complexity but the results of the statistical analysis suggest that they had a similar 
perception. In contrast with the interviews with the project managers which were more in-
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depth and able to be monitored by the researchers more easily, we question the validity of 
the results from the team members. We do not know how seriously they took the 
questionnaire. Because the responses were very quick they might have not have been well 
considered. 

In general, a major limitation in this study is on its small sample size collected between 
two companies as results from location of the objects being studied. The use of two cases – 
three project managers in one case and a project manager in the other case – weakened the 
accuracy of generalisation in qualitative analysis. The analysis may significantly suffer 
from bias produced by management view. Eisenhardt (1989) suggests that at least ten or 
more cases provide a sufficient range of measure and for analytic generalizations.  

There are also limited resources focusing on the topic of what constituted project 
experience and what constituted of perception related to project management so that other 
materials referring to perception and experience from psychology area were used to 
support the study, such as the materials on perception and experience were provided from 
organisational theory. 

 

5.4.  Directions for Future Study 

Referring to the findings and limitations, the author suggests the improvement in 
conducting the similar study and the further areas based on this study. This kind of study 
deserves more sources of both qualitative and quantitative data from similar participants or 
sector – manufacturing industries – and, if necessary, direct interviews with a project 
manager are held. If that condition fulfilled in a proper manner, it would be possible to 
generalize a framework for attributes of perception of project complexity and conducting 
some advance statistical data. A study with at least a sample size of 200 cases or 
respondents is required to conduct confirmatory factor analysis (CFA) in order to produce 
more affirmative results in statistical test. Implementation of the proposed framework in 
other sectors is possible and recommended. This may allow any further studies to 
determine approaches which are appropriate to manage a complex project in 
manufacturing sector. 
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Appendix 1. Main Attributes’ Break-Down from Their Definition into Sub Attributes 
 

Main Attributes Definition Break-down Sub-Attributes 

1. Hierarchy 

• Systems have sub-systems and are sub-systems 
for larger systems. 

• nested behavior 
• Work breakdown structures are common ways of 

depicting a nested system of hierarchies  
• a lot of interdependent activities 

1.1. A project consists of several or many sub 
projects. 

1.2. Many interdependent activities within and 
amongst sub-project (nested behavior) 

 

2. Communication 

• Information is passed between elements of a 
system 

• Information is also passed across the system 
boundary 

2.1. Information is passed amongst and within 
activities/ sub-projects (internal 
communication) 

2.2. Information is passed across the boundary 
(external communication) 

3. Control 

• Maintain the stability of the relationship between 
their parts, and so maintain their existence as a 
system 

• Control is what holds the system together; it 
maintains a stable state of operation. 

• Congenial emotional climate and adherence to 
group norms are two of the conditions that hold 
the team together. 

3.1. A mechanism to maintain stability of 
operation/ relationship activities/ sub-project 
in the project (technical control) 

3.2. A mechanism to maintain stability of 
organizational norm/ culture (organizational 
control) 

4. Phase Transition/ 
Adaptability 

• Take on a new form in response to changing 
conditions. It is the same system, just exhibiting 
different properties.  

• This is usually an internal response to an external 
change. 

• Responding to a different environmental 
constraint. 

Within organisational and project context 
4.1. Response to external change  
4.2. Response to internal change  

5. Adaptiveness/ 
Self-Organization 

• Adapts to accommodate and take advantage of 
the changes, to maintain or improve itself. 

5. Adaptiveness/ Self-Organization to external 
environment (usually government) 



 

 

 

6. Emergence 

• At different levels of the system different 
properties emerge 

• Based on the stable interaction between different 
elements at a level of the system. 

• Emergence is a property of the stable 
relationship between parts, not of any part in 
itself.  

6.   Different properties emerge at different level of 
system reached. 

7. Non-linearity 

• Unlike control which maintains its stability 
through ‘negative feedback’ loops like 
thermostats, non-linearity is caused by ‘positive 
feedback’ and induces change 

7.    Positive influence from a sub system creates 
creative changes to a system in a whole. 

 

8. Sensitive on 
Initial Conditions 

• initial conditions in a complex system can 
produce unanticipated and often catastrophic 
effects 

• Together with non-linearity and the positive 
feedback loops that may result, can cause the 
risks, triggered by seemingly unimportant 
anomalies in initial conditions to escalate out of 
control. 

8.    Initial condition on a project could create a 
different impact on the result. 

 



 

 

Appendix 2. Converting Sub-Attributes Into The Questions (in order to be easily understood by the respondents) 
 

Main Attributes Sub-Attributes Question Item(s) 

1. Hierarchy 

1.1. A project consists of several or many sub 
projects. 

1.2. Many interdependent activities within and 
amongst sub-project (nested behavior) 

1.1. A project consists of several or many sub projects. 
(Hi1) 

1.2. Many interdependent activities (Hi2) 

2. Communication 

2.1. Information is passed amongst and within 
activities/ sub-projects (internal 
communication) 

2.2. Information is passed across the boundary 
(external communication) 

2.1. Information amongst sub-projects/ activities is 
difficult to maintain (Com1) 

2.2. As having many subprojects, any changes or 
progress of a project must be frequently 
communicated to organization. (Com2) 

3. Control 

3.1. A mechanism to maintain stability of 
operation/ relationship activities/ sub-project 
in the project (technical control) 

3.2. A mechanism to maintain stability of 
organizational norm/ culture  

3.1. High supervision on operational of activities/ sub-
projects (Con1) 

3.2. High supervision on working condition or  
styles, mostly related to motivate people in a project 
(Con2) 

4. Phase Transition/ 
Adaptability 

4.1. Response to external change  
4.2. Response to internal change  

4.1. Any changes from outside (i.e.: government 
regulation, economic downturn) generate changes in 
operational conditions (PhT1) 

4.2. Any changes of direction generate changes in 
operational conditions (PhT2) 

5. Adaptiveness/ 
Self-Organization 

5.    Adaptiveness/ Self-Organization to external 
environment (usually government) 

5.    dependent on supply of resources, or on government 
regulation or others from outside company (Adp) 

6. Emergence 6.  Different properties emerge once different 
level of system reached. 

6.   The function of one or two sub-projects will appear 
once it’s connected to other sub-projects (EM) 

7. Non-linearity 7.    Positive influence from a sub system creates 
creative changes to a system in a whole. 

7.    Different positive influence from any different 
interaction within a system/ project  (NL) 

8. Sensitive on 
Initial Conditions 

8.    Initial condition on a project could create a 
different impact on the result. 

8.    Initial condition of a project tend to determine the 
progress of a project, so that a project becomes too 
rigid (SIC) 



 

   

Appendix 3.  The Previous Research Questionnaire  
 

(Adapted from Remington and Pollack, 2007) 
 

Your projects have been described as complex. Please rank the causes from 1 (most 
important) to a maximum of 21 (least important). Indicate ‘n/a’ where the item is not 
applicable; you may assign the same rank to more than one item.  
Many interdependent activities Structural  
Structure/procedures too rigid Structural 
Structure/procedures not flexible enough Structural 
Reporting pathways unclear Structural 
Approval pathways unclear Structural 
Bottlenecks holding up key processes  Technical 
Management styles of key players Technical 
Work styles of key players Technical 
Technical challenges unable to be resolved easily Technical 
Roles and responsibilities unclear Directional 
Processes unclear Directional 
Governance structure unclear or ineffective (lack of clear direction) Directional 
Unclear objectives or requirements Directional 
Unrealistic scope or requirements for budget/time available Directional 
Objectives or requirements changing over time Temporal 
Changes in external environment (e.g. govt. regulations) Temporal 
Senior/executive support variable or absent Temporal 
Approval processes ineffective (causing delays in decisions) Temporal 
Lack of key resources available when required Temporal 
Low morale Temporal 
Other (please describe): 



 

   

Appendix 4.   

Questions for Semi-Structured Interview and Research 
Questionnaire  
 

Dear Respondent, 

 

Firstly, I would like to ask for your time and willingness to fill this research questionnaire. This 

research is being conducted by two master students who are studying in Umea University in order 

to finish our master thesis. We would like to identify how project managers and member perceive a 

project as complex. It is hoped that the result of the study will broaden insight of project manager 

and member regarding the properties of a complex project then to apply for the appropriate method 

to reduce the likeliness a project being complex through available tools for complex projects.  

 

For that reason, your opinion is really appreciated and very important for our data collection in this 

study. You will find the instruction for all three sets of questions inside and the questionnaire will 

approximately take 20 minutes of your time (exception for project manager).  

 

Hereby your answer will be treated as confidential and your detail will be kept anonymous. And if 

you have any inquiries about questionnaire or the study, you can send your inquiries through our e-

mail given under my signature. 

 

Lastly, I would like to deeply thank you of your participation and your help in this study.  

 

Best Regards 

 

 

Eries Rakhman & Zhang XueJing  

e-mail address: e_rakhman@yahoo.com or Zhang_xuejing@hotmail.com  

 

 



 

   

SET 1: ADDITIONAL QUESTION FOR PROJECT MANAGER 
Apart from the two boxes above, there are 3 interview questions designed to project manager. 
These open style questions require your personal opinion based on your professional experience 
and judgement. Please relate your answers based on the area of questions given.  
 
1. At the initiation phase of a project, based on the WBS, Could you determine that a project 

would be complicated during its progress? and What do you think the causes of that 
complicatedness? 

 
 
2. Is your perception of such complicatedness are based on the properties of project that you are 

going to face or based on the knowledge of how you managed the projects before? Please 
explain why you answer it so. 

 
 
3. Is it difficult to manage such complicated projects? Please explain why you answer it so. 
 
 
SET 2: Draft questionnaire for project member - including project manager. (in order to know 
which attributes constitutes a complex project) 
 

 
 
SET 3: Draft questionnaire to explore project-work experience  
 
Please type an answer or number which best describes on what mostly/ likely occurred in 
your projects 
 
a.  How long have you been experiencing projects (for your entire work-year)?            Year(s) 
 
b.  What kind of project have you experienced before?  

1. Typical for every project 
2. Varies for every project 

 
c.  Regarding the size, what did you describe your previous projects? 

1.   Most of them are large scale project  
2.   Medium to small scale projects 

Please type a number in the right column from 1 (insignificant) to 6 (most significant) on why you 
describe a project as complex (complicated or difficult) 
Note: 1: insignificant; 2: least significant; 3: less significant; 4: significant; 5: more significant; and 6: 
most significant 
A project consists of several or many sub projects. (1.1)  
High supervision on operational of activities/ sub-projects. (3.1)  
Any changes from outside (i.e.: government regulation, economic downturn) generate changes in 
operational conditions. (4.1) 

 

Information amongst sub-projects/ activities is difficult to maintain. (2.1)  
As having many subprojects, any changes or progress in those sub-projects must be frequently 
communicated to organization. (2.2) 

 

Many interdependent activities. (1.2)  
Initial condition of a project tends to determine the progress of a project, so that a project becomes 
too rigid. (8) 

 

The function of one or two sub-projects will appear once it’s connected to other sub-projects. (6)  
Any changes of direction generate changes in operational conditions. (4.2)  
High supervision on working condition or styles, mostly related to motivate people in a project (3.2)  
Dependent on supply of resources, or on government regulation or others from outside company. 
(5) 

 

Different positive influence from any different interaction within a system/ project. (7)  
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Appendix 6 

Reliability analysis output for Dataset 2 
Scale: ALL VARIABLES 
 

Case Processing Summary 
  N % 

Valid 42 100.0
Excludeda 0 .0

Cases 

Total 42 100.0
a. Listwise deletion based on all variables in the 
procedure. 

 
Reliability Statistics 

Cronbach's Alpha N of Items 
.808 12 

 
Item-Total Statistics 

 Scale Mean if 
Item Deleted 

Scale Variance if 
Item Deleted 

Corrected Item-
Total Correlation

Cronbach's Alpha 
if Item Deleted 

Hi1 54.0476 43.998 .524 .788 
Hi2 54.0952 45.454 .400 .800 
Con1 54.3095 44.999 .432 .797 
Con2 54.1429 42.125 .684 .772 
PhT1 54.2619 46.783 .379 .801 
PhT2 54.1667 43.167 .614 .779 
Com1 53.9286 46.800 .390 .800 
Com2 54.1905 43.816 .559 .784 
SIC 54.1429 47.784 .311 .806 
EM 53.8810 51.327 .103 .819 
Adp 53.9286 46.166 .470 .793 
NL 54.1667 43.313 .546 .785 
 
Reliability analysis output for Dataset 3 
Scale: ALL VARIABLES 
 

Case Processing Summary 
  N % 

Valid 42 100.0
Excludeda 0 .0

Cases 

Total 42 100.0
a. Listwise deletion based on all variables in the 
procedure. 
 

Reliability Statistics 
Cronbach's Alpha N of Items 

.895 2 
 

Item-Total Statistics 
 Scale Mean if 

Item Deleted 
Scale Variance if 

Item Deleted 
Corrected Item-

Total Correlation
Cronbach's Alpha if 

Item Deleted 
WY 2.6429 .577 .843 .a 
Type 2.0952 1.015 .843 .a 
a. The value is negative due to a negative average covariance among items. This violates 
reliability model assumptions. You may want to check item codings. 
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Appendix 7 

Paired-Samples T-Test (Dataset 2 and Dataset 3) 
 

Paired Samples Statistics 
  

Mean N 
Std. 

Deviation
Std. Error 

Mean 
Hi1 5.0000 20 1.12390 .25131Pair 

1 Hi1_2 4.9000 20 1.20961 .27048
Hi2 5.0500 20 1.09904 .24575Pair 

2 Hi2_2 4.9500 20 1.23438 .27601
Con1 4.6000 20 1.23117 .27530Pair 

3 Con1_2 4.9500 20 1.09904 .24575
Con2 4.9500 20 1.23438 .27601Pair 

4 Con2_2 4.8000 20 1.05631 .23620
PhT1 4.7500 20 .91047 .20359Pair 

5 PhT1_2 4.8000 20 1.19649 .26754
PhT2 5.1000 20 .96791 .21643Pair 

6 PhT2_2 4.7500 20 1.16416 .26031
Com1 5.1500 20 1.03999 .23255Pair 

7 Com1_2 5.0000 20 1.02598 .22942
Com2 4.9500 20 .94451 .21120Pair 

8 Com2_2 4.7000 20 1.26074 .28191
SIC 4.9500 20 .99868 .22331Pair 

9 SIC_2 4.7000 20 1.03110 .23056
EM 5.2500 20 .91047 .20359Pair 

10 EM_2 5.0500 20 .75915 .16975
Adp 5.4000 20 .68056 .15218Pair 

11 Adp_2 4.8000 20 1.15166 .25752
NL 5.0000 20 1.12390 .25131Pair 

12 NL_2 4.8000 20 1.28145 .28654
WY 2.1500 20 .87509 .19568Pair 

13 WY_2 1.8500 20 .98809 .22094
Type 2.7000 20 .73270 .16384Pair 

14 Type_2 2.5000 20 .76089 .17014
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Paired Samples Correlations 
  N Correlation Sig. 
Pair 1 Hi1 & Hi1_2 20 -.271 .248
Pair 2 Hi2 & Hi2_2 20 -.231 .327
Pair 3 Con1 & Con1_2 20 -.171 .471
Pair 4 Con2 & Con2_2 20 -.129 .587
Pair 5 PhT1 & PhT1_2 20 -.242 .305
Pair 6 PhT2 & PhT2_2 20 -.304 .193
Pair 7 Com1 & Com1_2 20 .049 .836
Pair 8 Com2 & Com2_2 20 -.455 .044
Pair 9 SIC & SIC_2 20 -.066 .781
Pair 10 EM & EM_2 20 -.019 .937
Pair 11 Adp & Adp_2 20 .376 .102
Pair 12 NL & NL_2 20 .110 .645
Pair 13 WY & WY_2 20 .332 .153
Pair 14 Type & Type_2 20 .378 .101
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Appendix 8 

Record of Project Manager’s Answers for Additional Question (SET 1) 

A Chinese Company (3 Project Managers) 

Project Manager 1 (C-PM1) 

Q1: At initiation phase of a project, based on the WBS, Could you determine that a project would 
be complicated during its progress? and What do you think the causes of that complicatedness?  

A: Yes, usually we can say so. According to the WBS, we can decide the critical paths and 
determine the milestones for the projects. As assigning all these tasks to different department, they 
will analyze and give feedback to see whether any possible difficulties in the project. But the 
causes of complicatedness also depends, it usually varies between projects. The complicatedness 
may also depend on the technology, production and procurement. 

If the engineering technology has never been used, some components may be difficult to produce 
[technical]. For procurement, if there’s some new materials never been purchased before or very 
rare in the market, it would be challenging and making the process complicated. 

For some complete new project, we may even lack of the equipment for producing the 
components. Technology is always something challenging. If we don’t have such expertise, it will 
take long to finish the project.  

Q2: Is your perception of such complicatedness are based on the properties of project that you are 
going to face or based on the knowledge of how you managed the projects before? Please explain 
why you answer it so.  

A: Both. The previous experience can help a lot when facing projects at the initial stage. Usually it’s 
easy to define whether the project is complicated or not. However, there are also some possibilities 
when problems occur along the progress. Some hidden or unpredicted problems may occur to 
make the projects complicated. 

On the other hand, the properties of components manufacturing industry decide the 
complicatedness of the projects at the first place. However, for the general project progress, as 
long as we follow the project plans and respect the milestones, making sure the projects are 
always under control, it can prevent and somehow help the complicatedness. 

Q3: Is it difficult to manage such complicated projects? Please explain why you answer it so. 

A: Complicated projects are always difficult to manage. There are a lot of critical points and these 
need constant supervision and monitoring. From the Learning curve point of view, some projects 
may seem simple, but as never had such experience before, this made the project complicated and 
hard to manage. Many complicated projects have a lot of components and many interdependent 
activities. If the project only depend on internal environment, things would be easier to control. If 
the project is also very influenced by the external environment, if the technology is challenging, 
help from outside would also be needed. 

Complicated or not has no absolute answer. Even a comparably simple project can be complicated 
if the project manager is not taken enough care and making the project out of control. For some 
more complicated projects, if they have experience before, such complicatedness will be reduced 
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by learning curve. The projects will be way more complicated for the inexperienced project 
managers. As the production technologies demand high expertise and previous experience. 

Project Manager 2 (C-PM2) 

Q1: At initiation phase of a project, based on the WBS, Could you determine that a project would 
be complicated during its progress? and What do you think the causes of that complicatedness?  

A: As the company has a very rigid structure [hierarchy, structural, directional]. The project scope 
will be defined at the initiation stage [directional]. With the WBS and OBS matrix, responsibilities 
are assigned to each person and each department. When tasks are distributed, every department 
will analyze the task they would be doing, then give feedback to the project manager. If any 
estimated problems occur during the meantime, they will report it right away. The project needs to 
be clearly defined to move to the next step. The cause of complicatedness has different sides. On 
one hand, the aircraft component industry itself is already complicated. The properties of the 
industry decide the complicatedness at the first place. However, depending on different projects, 
complicated or not may also vary. If a project is very similar to the other ones the company has rich 
experience about, then it wouldn’t be less complicated. If a project has less experience in the 
technology field, then this would cause even more complicatedness. 

Q2: Is your perception of such complicatedness are based on the properties of project that you are 
going to face or based on the knowledge of how you managed the projects before? Please explain 
why you answer it so.  

A: As mentioned for the previous question, the properties of the type of projects already decide the 
complicatedness at the first place. We are manufacturing components for airplanes. There’s no 
simple project for that. However, there are differences in different projects comparatively. Usually 
based on the company’s previous expertise and experience, we can define certain 
complicatedness. However, the experience of the project managers themselves would definitely 
help with the projects. For very inexperienced project managers, they may not know how the 
proper estimation for the projects. They may put unrealistic goals and requirements. In such case, 
even the comparably simple projects would become complicated, as such projects would be 
passively managed and all milestones may be delayed. 

Q3: Is it difficult to manage such complicated projects? Please explain why you answer it so. 

A: This depends. It’s always difficult to manage complicated projects. However, this very much 
varies between project managers. As also mentioned in the previous questions, the same project 
may appear different difficulty level for experienced and inexperienced project managers. In the 
aeronautic manufacturing industry, technology is one key point. Technology experience really 
counts in the field. A project manager with a lot of experience can make it way easy to predict the 
project life cycle and avoid unnecessary mistakes. 

Project Manager 3 (C-PM3) 

Q1: At initiation phase of a project, based on the WBS, Could you determine that a project would 
be complicated during its progress? and What do you think the causes of that complicatedness?  

A: Due to the properties of the project itself, there are a lot of interdependent activities among the 
projects. The different departments are working interdependently. As shown in the company 
organizational chart (shown below), on the vertical side, the company is divided into departments 
with different functions, these departments provide the necessary resources for the projects; on the 
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horizontal side of the matrix, there are different projects running in parallel, these projects use the 
resources provided by different departments to make sure completing project tasks on time. This 
matrix structure adapts well to the multi-project and multi-task situation of the aircraft components’ 
subcontracting situation. From the department point of view, usually, the project starts with the 
demand from the client, order for certain amount of components production. The engineering 
department would start with the drawing design, define the project scope; then they will pass it to 
the other departments. The project management department will make the project plan; define the 
main deliverables of the project. Based on the project plan, the procurement department will decide 
the materials to be purchased accordingly, the production department will make the production, 
and the quality department will ensure the materials and the products are well-qualified. All these 
activities are inter-linked. Therefore, with the efforts of everyone working together, we are able to 
define the project complicatedness at the first place.  

Q2: Are your perception of such complicatedness based on the properties of project that you are 
going to face or based on the knowledge of how you managed the projects before? Please explain 
why you answer it so.  

A: As aircraft manufacturing industry is a very complex project itself, Due to the property of the type 
of project, every single step is carefully designed. Since the beginning, when the project is defined, 
the project will be divided into different main deliverables. As mentioned earlier, it will be passed 
through different departments in a certain order and some milestones will be defined. With the 
progress of the project, the task will later be divided into more detailed and specific task will be 
assigned to each project member. Therefore, it’s complicated based on the properties of the 
projects. However, as mentioned earlier, the project manager’s experience would help. A good 
project manager would estimate the time of the project manager and to some extend reduce the 
complicatedness of the project. Similar project experience can help to avoid many unnecessary 
mistakes. 

Q3: Is it difficult to manage such complicated projects? Please explain why you answer it so. 

A: The properties of the complicatedness of the project can’t be changed. The only thing which 
varies is the people who handle it. It was more difficult at the beginning, when first started in the 
industry. As not many experience in the related field, it was quite often that making wrong 
estimations or mistakes and had a difficult time to deliver the project on time. However, as now 
having some year’s experience in the industry field, plus the projects we are dealing are more 
typical types of projects, this help to turn related experience to added value.  
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An Indonesian Company (1 Project Manager – I-PM1)  

Q1: At initiation phase of a project, based on the WBS, Could you determine that a project would 
be complicated during its progress? and What do you think the causes of that complicatedness?  

A: In the very beginning of projects, once WBS is available for me, I can predict that a project 
would be complicated or it’s just the routines of a common project. One normal thing I can see at 
the first the number of work packages involved here. You can easily think that the more the 
packages the more complicated the project will be. Most of the projects here are manufacturing 
components for spare part. It’s getting complicated whenever the company would like to launch a 
whole new car product as we have to adjust the new set-up for the new product. And we need 
some expert to do that. Once you face a complicated project like that, it means I need everything to 
be in my supervision, every progress is reported well and we keep our pace with a difficult project 
so that we can reach the deadline.  

Besides those technical and operational things, Sometimes a project is being complicated once 
there is a change within a project even for small one. The changes usually coming from the R & D 
department regarding the reliability of the product so it needs some changes or wrong-choose of 
material used. Some are also coming from the instruction of executive regarding the specification 
of the product. And it took times to apply the change but we can manage that most of the time. 

Q2: Is your perception of such complicatedness are based on the properties of project that you are 
going to face or based on the knowledge of how you managed the projects before? Please explain 
why you answer it so.  

A: I think it is both. First the feature within a project may let you to justify whether it’s going to be 
complicated or not. However it is difficult to say that those features will make a project being 
complicated without knowledge and experience managing many projects before. 

Q3: Is it difficult to manage such complicated projects? Please explain why you answer it so. 

A: Difficult is relative. Like I mentioned before, everything must be under good supervision then we 
are in the right way to accomplish even the complicated project. Sometimes it’s getting more 
difficult once the change is unclear, or in special case we need to change wholly as the changes 
are coming from government policy about safety or environment. 
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Appendix 9 

Factor analysis output for Dataset 2 
FACTOR 
  /VARIABLES Hi1 Hi2 Con1 Con2 PhT1 PhT2 Com1 Com2 SIC EM Adp NL 
  /MISSING LISTWISE 
  /ANALYSIS Hi1 Hi2 Con1 Con2 PhT1 PhT2 Com1 Com2 SIC EM Adp NL 
  /PRINT UNIVARIATE INITIAL CORRELATION KMO REPR 
  /CRITERIA FACTORS(1) ITERATE(25) 
  /EXTRACTION ML 
  /ROTATION NOROTATE. 
 

Correlation Matrix 
  Hi1 Hi2 Con1 Con2 PhT1 PhT2 Com1 Com2 SIC EM Adp NL 

Hi1 1.000 .236 .232 .404 .286 .409 .300 .405 .251 .030 .293 .361
Hi2 .236 1.000 .020 .292 .347 .692 .129 .047 .074 .087 .287 .308
Con1 .232 .020 1.000 .498 .003 .309 .353 .433 .338 -.033 .068 .427
Con2 .404 .292 .498 1.000 .358 .387 .425 .502 .463 .046 .287 .415
PhT1 .286 .347 .003 .358 1.000 .293 .210 .329 .042 .071 .295 .152
PhT2 .409 .692 .309 .387 .293 1.000 .212 .263 .225 .078 .362 .437
Com1 .300 .129 .353 .425 .210 .212 1.000 .278 .107 -.047 .142 .278
Com2 .405 .047 .433 .502 .329 .263 .278 1.000 .221 .082 .454 .412
SIC .251 .074 .338 .463 .042 .225 .107 .221 1.000 -.038 .162 .087
EM .030 .087 -.033 .046 .071 .078 -.047 .082 -.038 1.000 .295 .123
Adp .293 .287 .068 .287 .295 .362 .142 .454 .162 .295 1.000 .314

C
or

re
la

tio
n 

NL .361 .308 .427 .415 .152 .437 .278 .412 .087 .123 .314 1.000

 
Total Variance Explained 

Initial Eigenvalues 
Factor Total % of Variance Cumulative % 
1 4.011 33.426 33.426
2 1.561 13.007 46.433
3 1.165 9.704 56.137
4 .996 8.297 64.435
5 .957 7.977 72.412
6 .746 6.220 78.632
7 .665 5.542 84.174
8 .591 4.927 89.101
9 .449 3.742 92.842
10 .348 2.901 95.743
11 .295 2.456 98.199
12 .216 1.801 100.000
Extraction Method: Maximum Likelihood. 
 

Communalities 
 Initial 
Hi1 .327 
Hi2 .581 
Con1 .488 
Con2 .567 
PhT1 .310 
PhT2 .622 
Com1 .255 
Com2 .504 
SIC .313 
EM .109 
Adp .385 
NL .399 
Extraction Method: 
Maximum Likelihood. 

Goodness-of-fit Test 
Chi-Square df Sig. 

55.560 54 .416
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Reproduced Correlations 
  Hi1 Hi2 Con1 Con2 PhT1 PhT2 Com1 Com2 SIC EM Adp NL 

Hi1 .340a .259 .314 .439 .249 .366 .270 .370 .231 .065 .284 .355 
Hi2 .259 .196a .238 .334 .189 .278 .205 .281 .175 .049 .216 .270 
Con1 .314 .238 .289a .405 .230 .337 .249 .341 .213 .060 .262 .327 
Con2 .439 .334 .405 .567a .322 .472 .349 .478 .298 .084 .367 .458 
PhT1 .249 .189 .230 .322 .183a .268 .198 .271 .169 .047 .208 .260 
PhT2 .366 .278 .337 .472 .268 .393a .291 .398 .248 .070 .306 .382 
Com1 .270 .205 .249 .349 .198 .291 .215a .294 .183 .051 .226 .282 
Com2 .370 .281 .341 .478 .271 .398 .294 .403a .251 .070 .309 .386 
SIC .231 .175 .213 .298 .169 .248 .183 .251 .156a .044 .193 .241 
EM .065 .049 .060 .084 .047 .070 .051 .070 .044 .012a .054 .068 
Adp .284 .216 .262 .367 .208 .306 .226 .309 .193 .054 .237a .296 

R
ep

ro
du

ce
d 

C
or

re
la

tio
n 

NL .355 .270 .327 .458 .260 .382 .282 .386 .241 .068 .296 .370a 
Hi1  -.023 -.082 -.035 .037 .043 .030 .035 .020 -.035 .009 .006 
Hi2 -.023  -.218 -.041 .158 .414 -.076 -.234 -.101 .038 .071 .039 
Con1 -.082 -.218  .093 -.227 -.029 .104 .092 .126 -.093 -.194 .100 
Con2 -.035 -.041 .093  .037 -.085 .077 .024 .165 -.037 -.080 -.043 
PhT1 .037 .158 -.227 .037 .025 .012 .058 -.127 .023 .087 -.108 
PhT2 .043 .414 -.029 -.085 .025 -.079 -.135 -.023 .009 .057 .055 
Com1 .030 -.076 .104 .077 .012 -.079 -.016 -.077 -.098 -.084 -.004 
Com2 .035 -.234 .092 .024 .058 -.135 -.016 -.030 .011 .145 .026 
SIC .020 -.101 .126 .165 -.127 -.023 -.077 -.030 -.082 -.031 -.154 
EM -.035 .038 -.093 -.037 .023 .009 -.098 .011 -.082  .241 .056 
Adp .009 .071 -.194 -.080 .087 .057 -.084 .145 -.031 .241  .018 

R
es

id
ua

lb  

NL .006 .039 .100 -.043 -.108 .055 -.004 .026 -.154 .056 .018  
Extraction Method: Maximum Likelihood. 
a. Reproduced communalities 
b. Residuals are computed between observed and reproduced correlations. There are 36 (54.0%) 
non-redundant residuals with absolute values greater than 0.05. 
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Appendix 10 

Multivariate Linear Regression analysis output (Dataset 2 and 3) 
 
GLM Hi1 Hi2 Con1 Con2 PhT1 PhT2 Com1 Com2 SIC EM Adp NL BY WY Type 
  /METHOD=SSTYPE(3) 
  /INTERCEPT=INCLUDE 
  /SAVE=SEPRED ZRESID SRESID 
  /PRINT=DESCRIPTIVE 
  /PLOT=RESIDUALS 
  /CRITERIA=ALPHA(.05) 
  /DESIGN= WY Type WY*Type. 
 
General Linear Model 
 

Between-Subjects Factors 
  N 

1 15 
2 12 
3 11 

WY 

4 4 
2 22 
3 13 

Type 

4 7 
 

Tests of Between-Subjects Effects 

Source 
Dependent 
Variable 

Type III Sum of 
Squares df Mean Square F Sig. 

Hi1 5.567a 6 .928 .685 .663 
Hi2 4.245b 6 .708 .471 .825 
Con1 8.012c 6 1.335 .962 .465 
Con2 7.026d 6 1.171 .945 .476 
PhT1 2.698e 6 .450 .385 .884 
PhT2 5.429f 6 .905 .724 .633 
Com1 5.448g 6 .908 .879 .521 
Com2 5.788h 6 .965 .767 .601 
SIC 8.576i 6 1.429 1.479 .214 
EM 7.324j 6 1.221 2.156 .071 
Adp 4.183k 6 .697 .730 .629 

Corrected Model 

NL 4.514l 6 .752 .500 .804 
Hi1 695.538 1 695.538 513.480 .000 
Hi2 598.952 1 598.952 398.994 .000 
Con1 551.354 1 551.354 397.397 .000 
Con2 650.705 1 650.705 525.021 .000 
PhT1 607.549 1 607.549 519.635 .000 
PhT2 603.462 1 603.462 483.164 .000 
Com1 699.831 1 699.831 677.167 .000 
Com2 601.700 1 601.700 478.133 .000 
SIC 673.702 1 673.702 697.031 .000 
EM 672.088 1 672.088 1186.893 .000 
Adp 657.579 1 657.579 688.344 .000 

Intercept 

NL 624.773 1 624.773 415.498 .000 
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Hi1 2.990 3 .997 .736 .538 
Hi2 2.651 3 .884 .589 .626 
Con1 4.417 3 1.472 1.061 .378 
Con2 4.175 3 1.392 1.123 .353 
PhT1 .946 3 .315 .270 .847 
PhT2 2.676 3 .892 .714 .550 
Com1 1.579 3 .526 .509 .679 
Com2 .318 3 .106 .084 .968 
SIC 7.654 3 2.551 2.640 .065 
EM 2.891 3 .964 1.702 .185 
Adp .104 3 .035 .036 .991 

WY 

NL 2.272 3 .757 .504 .682 
Hi1 .926 2 .463 .342 .713 
Hi2 1.496 2 .748 .498 .612 
Con1 3.762 2 1.881 1.356 .271 
Con2 .166 2 .083 .067 .935 
PhT1 1.660 2 .830 .710 .499 
PhT2 2.839 2 1.420 1.137 .332 
Com1 4.382 2 2.191 2.120 .135 
Com2 .166 2 .083 .066 .936 
SIC 3.001 2 1.500 1.552 .226 
EM 2.464 2 1.232 2.175 .129 
Adp 1.095 2 .548 .573 .569 

Type 

NL 3.318 2 1.659 1.103 .343 
Hi1 .005 1 .005 .004 .951 
Hi2 3.317 1 3.317 2.210 .146 
Con1 .741 1 .741 .534 .470 
Con2 .152 1 .152 .122 .728 
PhT1 .214 1 .214 .183 .672 
PhT2 3.552 1 3.552 2.844 .101 
Com1 .159 1 .159 .154 .697 
Com2 3.655 1 3.655 2.905 .097 
SIC .525 1 .525 .544 .466 
EM .854 1 .854 1.508 .228 
Adp .286 1 .286 .299 .588 

WY * Type 

NL 1.030 1 1.030 .685 .414 
Hi1 47.410 35 1.355   
Hi2 52.540 35 1.501   
Con1 48.560 35 1.387   
Con2 43.379 35 1.239   
PhT1 40.921 35 1.169   
PhT2 43.714 35 1.249   
Com1 36.171 35 1.033   
Com2 44.045 35 1.258   
SIC 33.829 35 .967   
EM 19.819 35 .566   
Adp 33.436 35 .955   

Error 

NL 52.629 35 1.504   
Hi1 1093.000 42    
Hi2 1077.000 42    

Total 

Con1 990.000 42    
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Con2 1051.000 42    
PhT1 996.000 42    
PhT2 1040.000 42    
Com1 1132.000 42    
Com2 1031.000 42    
SIC 1043.000 42    
EM 1138.000 42    
Adp 1128.000 42    
NL 1048.000 42    
Hi1 52.976 41    
Hi2 56.786 41    
Con1 56.571 41    
Con2 50.405 41    
PhT1 43.619 41    
PhT2 49.143 41    
Com1 41.619 41    
Com2 49.833 41    
SIC 42.405 41    
EM 27.143 41    
Adp 37.619 41    

Corrected Total 

NL 57.143 41    
a. R Squared = .105 (Adjusted R Squared = -.048) 
b. R Squared = .075 (Adjusted R Squared = -.084) 
c. R Squared = .142 (Adjusted R Squared = -.006) 
d. R Squared = .139 (Adjusted R Squared = -.008) 
e. R Squared = .062 (Adjusted R Squared = -.099) 
f. R Squared = .110 (Adjusted R Squared = -.042) 
g. R Squared = .131 (Adjusted R Squared = -.018) 
h. R Squared = .116 (Adjusted R Squared = -.035) 
i. R Squared = .202 (Adjusted R Squared = .065) 
j. R Squared = .270 (Adjusted R Squared = .145) 
k. R Squared = .111 (Adjusted R Squared = -.041) 
l. R Squared = .079 (Adjusted R Squared = -.079) 
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Appendix 11 

Residual Plots 

Observed * Predicted * Std. Residual Plots 
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Dependent Variable: Adp 


